This is a reproduction of a library book that was digitized 
by Google as part of an ongoing effort to preserve the 
information in books and make it universally accessible. 


Google books 


https://books.google.com 


"i. dual . 

o 
>.. oa 

i" aj y 
k ve j; su ~i ~ 
LASI er 
a \S PE uaj STE ul A ae 
oe \ di, Rid ~a. baa om 


o 


~ meva) 


ff reu — 5 | (. "i 
—64 a Av) 11 | 
= ji ĉi : | 


i = TY 
| = 
> LI 
| e [= 
1 
b 'A 
is * Tan Ku 
LI LI ¢ l 
Y 
* ~aj i 
LI es 
A rim LARAS 
r 4 i [o pe 
: by c= 
sey, — mw - —- = LOS i rep en el — LT "3 7 as le, “ome / 
Ta) asp > ĝi ĝoj oo a eee gr ay ie Aŭ —LE Oe z í l 
ako BU ARA caj rato Iĝ" > -CONT — CEDA anu lA OT, arm aj ANIA Va AREA CRITI Te Kar A =—aofpee kia, MR] qe ser pom lr: havi kaji E 
TO { l „ o n PS x = à 9 é e swore - e. oh aŭo ke Pers i a? ė = S” A $è lu sa A uE 


‘i 


LI 


) 


RARE "OF THE . 


lu 
— 
= 
— 
= 
= 
= 
= 
= 
- 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
= 
— 
= 
_ 
= 
—- 
= 
= 
= 
=- 
=—- 
= 
= 
— 
= 
- 
= 
= 
= 
-= 
~= 
= 
- 
= 
= 
= 
=s 
P 
= 
= 
= 
> 
= 


“YA 
: LA 
th Tata dk, 


= ————— 


MUNTI UUL i 
ES bt 5, 


TTT a SE ININ Kk 


————B 


Digitized by Google 


Finns Liorurj 
Qc 
| 
WS 


JAN.-DEC. 
1926 


ILIFFE £ SONS, LTD., Dorset House, Tudor Street, London, E.C .4 


Price 6d. met. 


ĉi ———~——-—— 


— ————— ee 


Vol. IIl. — 


I. 


(N.B. -The figures in parentheses, 
System of Classification, 
PAGE 
bstracts of Technical Articles from the 

world’s wireless journals, 54, 121, 189, 

253, 325, 381, 451, 508, 507, 035, 099, 

705 . ies see 
Absolute Measurement of “ Resistance at 

Radio Frequencies (R240). R. M. 

Wilmotte ... ae ve sins “aŭ 725 
Accumulator, A new Theory of the Lead 

(021.355.01). Prof. G. W. O. Howe 406 
Accumulator, A new Theory of the Lead 

(Correspondence) = O40 
A.C. Filament Supply (Patents) 126 
Aetial Separation (Patents) 196 
Aerials, Wireless, and the Landlord (R540. 07) 

By a Barrister sas axa » $33 
Aerial Plate (Patents) 403 
Aerial, An Interesting Frame (Patents) 582 
Aerial, An Underground (Patents) 775 
Alignment Charts for Selective Amplifiers 

(Ro82). W. A. Barclay taŭ se. 344 
Alignment Principle (Correspondence) 119 
Amateur DX in South America by CH. gTC. 

(R545.009.2) 108 
Amateur Radio Telegraphy (R.350) K. S. 

Wakefield . sik iie 175 
Amateur Long-Distance WwW ork (R545.009.2). 

H. N. Ryan : 503, 710 
Ammeter, Multi- Sao, of Constant Resistance 

(R384.0). L. G. A. Sims and M. Hey- 

wood Hunt ss. 425 
Ammeter Panel (R251), E. C. ‘Atkinson 544 
Among the Experimental Transmitters 

(Roog.2) ... , 53, 214, 270, 424 
Amplification Scheme (Patents) ste 404 
Amplification and Selectivity of a Neutralise d 

Tuned Anode Circuit (R161 and R162), 

Dr. N. W. McLachlan iss e. 545 
Amplifier, Crystal (Patents) ... 770 
Amplifier, Low Current Resistance (Patents) 647 
Amplifier, Peculiar (Patents) se “FEZ 
Amplifier, Radio-frequency (Patents) 648 
Amplifier, Resistance (Patents) 776 
Amplifier, Stabilising (Patents) di 713 
Amplifier, Stabilised, Another (Patents) 714 
Amplifiers, Alignment charts for selective 

(Ro82), W. A. Barclay 344 
Amplifiers, Examination of the Properties of 

Audio-frequency (R132), W. Baggallv 028 
Amplifiers, Examination of the Properties of l 

Audio-frequency (Correspondence) 707 
Amplifiers, Audio-frequency (Patents) 408 
Amplifiers, Four-Electrode Valve (Patents) = 333 
Amplifiers, Peculiar Patent (Patents) a 02 
Amplifiers, Performance of (R342), H. A. 

Thomas : = ĝia 15 
Amplifiers, Push-Pull (Patents) 335 
Amplifiers, Selective (Correspondence) 118 
Anode Current from Mains (R355.007.5) 410 


(l atentis) 


Another “' Round ” Loud-speaker 


Experimental Wireless & The Wireless Engineer 


GENERAL INDEX. 


following the subject, refer to the Dewey Decimal 


201 


see Index 111). 


1926. 


: PAGE 
“ Aperiodic ” or “ Untuned ” (Correspon- 
dence) : kia a he 393, 518 
Atmospheric Elimination, A System of 
(Patents) 398 
Atmospheric Elimination, Note on a a system 
of (R431), S. Butterworth e. (O18 
Atmospheric Elimination (Patents) ... su PI 
Atmospherics, Directional Recording of 
(Rrir4, R125), R. A. Watson Watt 234 
Ritter: A Floating (Patents) 775 
Beam Service, Inauguration of the 
Canadian (Editorial) A 715 
Berlin Wireless Exhibition (Ro64) 653 
B.E.S.A. Glossary of Terms used in Elec- 
trical Engineering (Editorial) . 587 
B.E.S.A. Glossary of Terms used in Elec- 
trical Engineering (Review) 612 
Beverage Aerial (Correspondence) “117, 258 
Binding Case and Index ke .. ISI 
Book Reviews and Books Received : 
B.E.S.A. Glossary of Technical Terms 612 
British Standard Glossary of Terms used 
in Electrical Engineering „us 507 
Der Detektor, Dr. R. Lehnhardt . 395 
Dictionary of Wireless Technical Terms 709 
Die Audionrjhre und ihre PETE, Dr. 
G. Liebert.. we 321 
Electrical Engineers’ Data Books.. 32I 
Elimination of Interference in W; T, M. 
Singlemann y ks 395 
Loud-speakers, C. M. R. Balbi 395 
Modern Printing Telegraphy aun wee 395 
Modern Radio Communication, J. H. 
Reyner ... dia ; Kiu 395 
Oscillographs, J. T. Irwin ... 321 
Proceedings of the Wireless Section of 
the 1.E.E. 395 
Slide Rule Simplified, D. E. Rogers <. 395 
Variations of Apparent Bearings of Radio 
Transmitting Stations, Radio Research 
Board = olu 507 
Wireless Annual for 1920 guu 40 
British Wireless Exports I51 
Broadcast Station, Germany's ; High Power 
(Ro16.5) ; aŭ 411 
Broadcast Receiver Design, Problems in 
(R100.04), Capt. P. P. Eckersley 499 
alibration Department 51 
Calibration Department (E ditorial) r 05 
Calibration Department (Temporarily closed) 515 
Calibration of Ultra Short Wavelengths 

(R213), F. Aughtie 033 
Canadian Beam Service, The Inauguration 

of (Editorial) : ai Pee © 
Capacity Lead-in (Patents) suite ĉia 125 
Carborundum Detector, Another (Patents) 521 
Cathode Rav Reception (Patents) 332 


Cathode Ray Tubes (Editorial) we ; 
Cause and Elimination of Night Errors in 
Radio Direction-Finding (R510), 
R. L. Smith-Rose and R. H. Barfield ... 
Circuit, Crystal-Valve (Patents) 
Circuit, Four-Electrode Valve Supersonic 
(Patents) usa 
Circuit, Interesting Neutralised (Patents) = 
Circuit, Reaction Rejector (Patents) 
Circuit, Super-Regenerative (Patents) 
Circuit, Valve Generator (Patents) ... FJ 
Coils, Nick-o-Time Tunometer (R382.009) 
Common Errors in Condenser Calculations 
(R127.2), E. H. W. Banner 
Compensating for Distortion (Patents) 
Condenser, Calculations, Common Errors 
in (R127.2), E. H. W. Banner ... = 
Condenser, Differentially-Operated ae 
Condenser, Newey (Patents) ... 
Condenser, Permanency of Calibration of a 
Variable (R220), E. Simeon .. = 
Condenser, Potentiometer rboj 5), E. 
Bainbridge Bell ders 
Condenser, Power Loss (R145. 5), L. 
Hartshorn 


T 


Condenser, Power Loss i in (Correspondence) 324, 


Condenser, Screening of Small Variable Air 
(Correspondence) 
Condenser, Variable Air, Notes on the Laws 
of (R381.4), W. H. F. Griftiths : 
Condenser, Variable Air, Further Notes on 
the Laws vf eL 4) W. H. F. Grif- 
fiths = LI 
Cone, Double (Patents) : 
Constant Beat Frequency (Patents) 
Constructing a Self-Contained Ballistic 
Galvanometer (R384.6), F. A. Boyce ... 
Control of Filament Current (Patents) 
Controlling Regeneration (Patents) ... 
Controlling A Continuous-Wave Generator 
(Patents) : 
Correlation of some recent advances i in Wire- 
less (Ro10), Balth. van der Pol 


Correspondence, 57, 117, 188, 258, 323, 390, 400, 


58 


335 
338 


517, 579. 045, 707 


Crystal Patent, An Interesting (Patents) 

Crystal, Frequency Stabilisation of Trans- 
mitter by means of aon Quartz 
(R351), C. W. Govder : ae 

Crystal Amplifier (Patents) 

Crvstal-Valve Circuit (Patents) 

Crystal-Controlled Receiver (Patents) 

Curves and Tables for Short-Wave Calcu- 
lations (Ro80.127.3), A. P. Castellain ... 


pere Melba's Farewell (Correspondence) 
Department of Scientific and Industrial 
Research (Rz18) 
Detachable Grid-Leak (Patents) 
Detachable Panel Legs (Patents) 
Detection with a Four-Electrode 
(Patents) = ae 
Detector, Another Carborundum (Patents) 
Diaphragm, A Double Cone (Patents) 
Diaphragm, A Reinforced (Patents) 
Diaphragm, a Multiple-Cone (Patents) 
Diaphragm, A Polvgonal (Patents) ... 
Diaphragm, A Conical (Patents) 
Ditterentially-Operated Condenser 


Valve 


(Patents) 


650 


717 
770 
777 
778 


40 


ISS 


531 
200 


332 


128 
521 
TOQ 
204 
403 
334 
404 
1Y 


- Errata 


Direct Current Smoothing Devices for H.T. 
Supply (Editorial) Ss se ee 
Direct Current Test Set (R384), T. S. Skeet 
D.C. Instruments in Wireless Receivers 
(R251), J. F. Herd ĝa 
Directional Recording Atmospherics (R. 114, 
R125), R. A. Watson Watt 
Direction-Finding, Cause and Elimination of 
Night Errors (R510), R. L. Smith-Rose 
and R. H. Barfield us ĉu 
Disturbance Eliminator (Patents) 
Distortion, Compensating for (Patents) 
Double-Cone Diaphragm (Patents) ... 
Double-Filament Rectifving Valve (Patents) 
Double Earth Receiving System (Patents ... 
Double Filament Valve (Patents) 
Double Cone (Patents) 
Dubilier Loud-speaker (Patents) 
Duplex Signalling (Patents) ... i ĉu 
DX Work with a a Valve (R545.1), 
A. D. Gay . .. eee 
arth Connections, Multiple (Patents) 
Editorials : 
Abstracts and References ... 
Another Question of Nomenclature 
B.E.S.A. Glossary of Terms 
Cathode Ray Tubes 
Common Logarithms or Natural Logar- 
ithms i 
D.C. Smoothing Devices for H. T. Supply 
Early Work of Prof. A. S. POR 
Esperanto x 
Esperanto and the Reader.. T 
Esperanto and Technical Literature 
Further Question of Nomenclature 
German Radio Exhibition 
Historical Wireless Apparatus at “Munich 
Inauguration of the Canadian Beam Ser- 
vice 
Inductance of Straight Wires ŝu 
j, the Heaviside Operator and Y —1 
Mathematical Articles : es 
New Editorial Appointments ; sus 
Polarisation of Electromagnetic Waves ... 
Power Loss in Insulating Materials 
Valve Nomenclature 
Who discovered the Long- Range ‘of Short 
Waves ? sus 
Who Invented the Neutrody ne ?... 
Eddv Current Loud-speaker (Patents) 
Etfective Resistance of Inductance Coils at 
Radio Frequency (Ri44), S. Butter- 
worth 
Efective Resistance of Inductance Coils at 
Radio Frequency fe saa Sla 
Electrical Alloy (Patents) . 
Electrical Control of Light (Pate nts) 
Electro-Dynamic Loud-speaker (Patents) 
Electrostatic Screen (R387), E. dio kulako st 
Bell kru ee 
Electrostatic Microphone ( atents) = sta 
Electrostatic Loud-speaker (IR 376.3), (Ref.) 
Elliptical Diaphragm Loud-speaker ao, 
Emerald Wavemeter ... 


Esperanto : 


PAGE 


65 
553 


505 
234 


203, 309, 417, 453 


388 
648 
498 


248, 321, 394, “402, 518 


Abstracts in Esperanto (Correspondence) 58, 118 


Esperanto and the Reader nago: 


Views) . as 
For the Esperantists, “Distordado. bee 


03 


PAGE 

Esperanto Section (Abstracts of articles in 
previous issues) 390, 400, 515, 577, 643, 
795, 773 

Esperanto and Technical Literature (Edi- 

torial) aia 465 
Examination of the “Properties of Audio- 

Frequency Amplifiers (R132 ) W. 

Baggallvy ... ŝŝ e. «= 628 
Exhibition, Berlin Wireless (R064) we 653 
Exhibition, German Radio (Editorial) we 651 
Exhibition, N.A.R.M.A.T. Wireless ... 248 
Exhibition, National Radio (Ro64) 620 
Experimental Radio Station G 2DX, (R625), 

W. K. Alford ae ; : 19 
Experimental Transmitters, " Among the 

(Roog.2) ... ` 53, 214, 270, 424 
Experimenters’ Wireless Laboratory (R201), 

L. A. Sayce and J. Taylor 69, 144, 243 
Exports, British Wireless ©... as “ie 151 
Fading. The Mystery of (Ri13.1. =; 

Oliver Hall : 211 
Fading, The Mystery of (Correspondence) .. 392 
Fading, (R113.1), Prof. E. W. Marchant ... 288 
Fading (Correspondence) es -.. 394, 517, 708 


Fading and Mountains (Correspondence) 580, 646 
Fibre (Vulcanised) and Press Boards, Stan- 


dard Specification for... ĝia ati 93 
Filament, Mullard (Patents) ... sia Se OI 
Filament, An Interesting (Patents) ... ve 126 
Filament, Supply, An A.C. (Patents) = 127 
Filter Circuits, Selective (Patents) ... sts 62 
Floating Battery (Patents) ... ae “FF5 
Four-Electrode Valve Amplifier (Patents) we 333 
Four-Electrode Valve Circuit (Patents) <.. 400 
Four-Electrode Valve Supersonic Circuit 

(Patents) . sda di ... 650 


Frequency Variations in Thermionic 
Generators (R344.2), Lt.-Col. K. E. 
Edgeworth liu or 10! 

Frequency, Maintaining Constant (Patents) 399 

Frequency Transformer for Short Waves 


(Patents) ... 519 
Frequency Stabilisation of a Transmitter 
(R351), C. W. Goyder ... 717 


From the World’s Wireless Journals, Ab- 
stracts of Technical Articles 54, 121, 189, 253, 
325 

Further Notes on the Laws of Variable Air 


Condensers (R381.4), W. H. F. Grifhths 7437 


G uu Constructing a Self-Con- 


tained Ballistic (R384.6), F. A. Boyce... 440 
Galvanometer, A very Sensitive Valve 
(R251), Prof. G. W. O. Howe ... e 634 
Galvanometer, A very Sensitive Valve 
(Correspondence) .. ih .. 709 
Gas Discharge Rectifier (Patents) bes 649 
Generator, Controlling a Continuous- Wave 
(Patents) . siu 335 
Generator, Impulse Excitation (Patents) wee 582 
German Radio Exhibition (Editorial) “a 651 
Germany’s High Power Broadcasting Station 
(R016.5) ... 411 
Glossary of Terms, The B.E. S. A. (Editorial) 587 
Glossary of Terms, The B.E.S.A. (Review) ... 612 
Grid, A Stamped (Patents) ... es siu! (27 
Grid-leak Construction (Patents)  ... wee 259 
Grid-leak, A Detachable (Patents) ... e. 200 


Grid-leak, Another Variable (Patents) = 399 


armonics and their ettect on Wave 


PAGE 


Form (R110), J. F. Herd 407 
Heaviside Operator and /—1 Cono 
dence) : TA sse. 570 
Hertz. H., Memorial at ‘Karlsruhe 177 
Heterodyne Reception (Patents) we 583 
High-Frequency Electric Currents, some 
Remarkable Effects of Large 
(Rioo.cog.I), G. H. Farnes aiita re 77 
H.F. Resistance (R240), P. K. Turner 134 
High-Tension Rectifier for a Low-Power 
Transmitter (R385.51), T. S. Skeet 599 
Historical Wireless Apparatus at Munich 
(Editorial) di saj ee 337 
How Far is that Station : ? (Ro81), H. E. 
Adshead 251 
How Far is that Station ? (Ĉorr espondence) 392 
Howling in Short-Wave Receiv ers (Corres- 
pondence) =n ie Das ..-50. 117 
.E.E. Wireless Section of the (Editorial) 65 
„.I.E.E., An Announcement (Robo) 115 
I.E.E., Opening of the Session (Ro6o), Dr. 
Eccles’ Address 724 
].E.E., Wireless Section. Papers read : 
Audio- -Frequency Measurements (R290 ... 370 
Chairman’s Address (Ro6o) (Abstract) 121 
Cause and Elimination of Night Errors in 
Radio Direction-Finding (R510), R. L. 
Smith-Rose and R. H. Barfield ( R510) 367 
Directional Recording of Atmos pherics 
(Rig, R125), R. A. Watson Watt 234 
Frequency Variations in . Thermionic 
Generators (R344.2), Lt.-Col. K. E. 
Edgeworth .. IONI 
Instantaneous Direct- -Reading “Gonio- 
meter (RI me R125), R. A. Watson 
Watt and J. F. Herd. 239 
Low-Frequency Intervalve Transformers 
(R132.1), P. W. Willans 3 435 
Past, Present and Future Developments 
of Wireless Telephony (R550), Capt. 
P. P. Eckersley ... 114 
The Propagation of Radio Waves (Ri 13), 
J. Hollingworth 178 
Wireless Development since the War 
(R599), Dr. W. H. Eccles 740 
Improving Selectivity (Patents) 778 
Impulse Excitation Generator (Patents) 582 
Inauguration of the Canadian Beam Ser- 
vice (Editorial) 715 
Inductance of Straight Wires (Editorial 
Views) si sa ee I 
Inductance, A Spaced (Patents) 204 
Inductance Coils, Effective Resistance of at 
Radio Frequency (R144), S. Butter- 
worth ; sus ... 203, 309, 417, 483 
Inductance Coils, Losses in (R143) S. 
Butterworth : 207 
Inductance Coils Quantitatively Compared 
(R240), A. L. M. Sowerby = 220, 303 
Inductance Coils, Quantitatively Compared 
(Correspondence) - 401, 518, 581 
Instantaneous Direct- Reading Radiogonio- 
meter (Riirg, R125), R. A. Watson 
Watt and J. F. Herd Gu wee 239 
Insulating Material (Patents) ; 60 
Interesting Frame Aerial (Patents) ... 582 
Interesting Neutralised Circuit (Patents) 584 
Interesting Crvstal Patent (Patents) 050 
International Morse Code 482 


Intervalve Couplings, Some Notes on (R132), 


PAGE 


H. L. Kirke = gi Sa wee 350 
Introducing Sodium and Potassium into 
Discharge Tubes (R535.3), J. Tavlor 702 
e the Heaviside Operator and S--I 
Js (Correspondence) 394, 402 
Kr Transmitters (Patents) 263 
Keving of Valve Transmitters (R385), 
W. T. Ditcham . ak wee 5206 
‘ Kone ” Loud- -speaker (Patonts) 126 
Konigswusterhausen Broadcasting Station 
(RO16.5) 411 


Koreaj An Experimenter's Wireless 


(R201), L. A. Sayce and J. Tavlor 69, 144 


Laboratory Notes (R387 and sp 5), E. 
Bainbridge Bell... ssi 
Light, Electrical Control of (Patents) 
Logarithms? Common or Natural (Editorial 
Views) : eu 
Long-Distance Work. (R545; 009. 2), H. N. 


Rvan (5BV) z 52, 109, 249, = 


380, 503, 710 


Long and Short Waves, The Relative Values 
of (Rogo), R. S. G. B. Discussion = 

Lorenz High-Frequency System for Radio 
Transmission (R421), F. W. Gillard 

Losses in Inductance Coils, The Need for a 


Standard of Efficiency (R143), S. 
Butterworth ; is ihe 
Loud-speaker, Another. = Round ' ' (Patents) 
Loud-speaker, Dubilier (Patents) = 


Loud-speaker, Eddy Current (Patents) : 
Loud-speaker, Electro-Dynamic (Patents) ... 
Loud-speaker, Elliptical Diaphragm 
(Patents) 
Loud-speaker, ‘ Kone ” (Patents) .. kia 
l.oud-speakers, Method of Calibrating 
(R290), H. J. Round uae iaa ees 
Loud-speakers (R376.3), N. W. Mclachlan 
Low-Current Resistance Amplifier (Patents) 
Low-Frequency Intervalve Transformers 
(Rr132.1), P. W. Willans 
Low-Loss Coil Former (Patents) 


Mizenste Component, 
(Patents) ia 


Mains Units, Voltage 
(Patents) 

Mains Receiver (Patents) ; i 

Maintaining Constant Frequency (Patents) se 

Makeshifts (Correspondence) 

Mathematical Articles (Editorial) = 

Mathematics for Wireless Amateurs (510), 
F. M. Colebrook ... 


' 


Utilising the 


Regulation of 


253, 373, 440. 493, 


199 


712 
777 
399 
551 
250 


559, 


613, 074, 750 


Measurement of Resistance at Radio Fre- 
quencies, the Absolute REJN R. M. 


Wilmotte ... 725 
Melba, Dame N., Farew vell Letter 158 
Mercury Contact Switches and Connecting 

Boards (R387), T. B. Baker $ 317 
Method of Calibrating Microphones and 

Loud-speakers (R2g0), H. J. Round 604 
Microphone, An Electrostatic (Patents) 330 
Microphones and Loud-speakers, Method of 

Calibrating (R290), H. J. Round i 604 
Microphone, A Reisz (Patents) 403, 777 
M-E Intervalve Coupling (Patents) ... 397 


PAGE 
Modified Igranic Transformer (Patents) 2600 
Multiple Variometer (Patents) 521 
Multiple Earth Connections (Patents) = 648 
Multi-Range Ammeter of Constant Resis- 
tance (R384.0), L. G. A. Sims and M. 
Heywood Hunt ... ane sl e 425 
Mystery of Fading (R113.1.009), Oliver 
Hall = TA ii 2I1 
Mystery of Fading (Correspondence) 393 
-A.R.M.A.T. Wireless Exhibition 248 
National Radio Exhibition (Ro04) 020 
Neutralisation Scheme (Patents) .. 711 
Neutrodvne ? Who Invented the (Editorial) 523 
Neutrodyne Condenser alee) . 259 
New Slide Rule 171 
New Theory of the Lead Accumulator ? 
(621.355.0), Prof. G. W. O. Howe 400 
New Theory of the Lead Accumulator ? 
(Correspondence) . O46 
New Method of Obtaining F requency ' Stabili- 
ee of a Transmitter (R351), C. W. 
Govder i 717 
New Theory, A, The Effect of the Moon on 
Radio Reception (R113,9), D. Shannon 429 
New Theorv, A, The Etfect of the Moon on 
Radio Reception (Correspondence) 517, 579 
New Valve Rectitier, Inexpensive Accumu- 
lator Charging from A.C. Mains 
(355.55), L. A. Savce 209 
Newey Condenser (Patents) ns we 204 
Nick-o-Time Funometer Coils (R382.00q) 300 
Nomenclature, Another Question of (Edi- 
torial) = bese == “sas ba 120 
Nomenclature, Another Question of (Cor- 
respondence) say 188, 323 
Nomenclature, A Further Question of (Edi- 
torial) . 201 
Nomenclature, Valve, A New Term Sug- 
gested (Ro30), Prof. G. W. O. Howe 67 
Nomenclature, Valve, A New Term Sug- 
gested (C orrespondence) 324 
Notes on the Laws of Variable Air Con- 
densers (R381.4), W. H. F. Griffiths 3 
Note on System of Atmospheric Elimination 
(R431), S. Butterworth 618 
btaining Anode Current from Mains 
(R355.007.5) . ĝoja ee 410 
Opening of the L.E. E. ‘Session, Dr. Eccles’ 
Address (Robo) 724 
Oscillation, Suppressing Parasitic (Patents) 584 
Oscillator, Short-Wave (Patents) 047 
Our Predecessor (Editorial)... OD 
anel, A Pivoted (Patents)... . 585 
Particulars of German Amateur V alves 322 
Past, Present and Future Developments of 
Wireless Telephony (R550), Capt. P. P. 
Eckersley ... 7 II4 
Patent Infringement and Experimental Use 
(R347), by a Patent Agent 113 


Patents, Some Recent 


60, 125, 196, 259, 


332, 390, 403, 519, 582, 047, 711, 775 


Patents (Correspondence! ... 59 

Patents, Supersonic (Correspondence) 

Peaked Audio Amplifiers (R342) 

Peculiar Receiving Circuit (Patents) 

Pecuhar Ampliter (Patents) . «lola 

Performance of Amplifiers (R342 2), H. A. 
Thomas, M.Sc. E dam LI 


, 118 
180 
387 
390 
712 


15 


—_ == ——a 


PAGE 
Permanency of Calibration of a Variable 


Condenser (R220), E. Simeon ... 348 
Phototelegraphy, Wireless (R582) 301 
Piezo-Electric Etfect and its Application to 

Wireless (R351.218), C. W. Kao ..94, 165 
Pivoted Panel (Patents) ; st. 585 
Plate Current, Use of. Plate Voltage 

Characteristics (R131), E. Green 402, 469 
Plate Current, Plate volage Characteristics 

(Correspondence) .. liru uj 707 
Plate Aerial (Patents) 463 


Polarisation of Ww aves 
(Editorial) 201 


Polvgonal Diaphragm (Patents) - i 334 


Electromagnetic 


Popoti, Prof. A. S., Early Work of (Editorial) 130 
Power Loss in Condensers (R145.5), L. 
Hartshorn .. i 225 
Power Loss in Condensers (Correspondence) 324. 392 
Power Loss in Insulating Materials (Edi- 
torial) 525 
Power Loss in Insulating Materials (Corres- 
pondence) -.. 646 
Prev enting Self Oscillation (Patents) 190 
Problems in Broadcast Receiver Design 
(K160.04), P. P. Eckersley : .. 499 
Propagation of Radio Waves (Rt13), J. 
Hollingworth ; er uia 178 
Push-Pull Amplifier (Patents) 335 
had Receiving Svstem (Patents) ... 197 
Re way Amplifier (Patents) 648 
Radiogoniometer, Instantaneous Direct- 
Reading (R114, R125), R. A. Watson 
Watt and J. F. Herd ane e 239 
Radio Society of Great Britain : 
A Review of Last Year's Activities kaj an 116 
Annual Dinner 1 33 
R.S.G.B. Lectures: 
Fading (R113.1), Prof. E. W. Marchant... 288 
Loud-speakers (R376.3), N. W. 
McLachlan 152 
Problems in Broadcast Receiv er ~ Design 
(R160.04), P. P. Eckersley m 499 
Relative Values of Long and Short Waves 
(Ro40). Discussion " 692 
Short Waves for Long Ranges (Rzor. 24), 
Capt. W. G. H. Miles, R.M. ... 22 


Some Facts and Notions about Short 
Waves (Rio), Capt. Duncan Sinclair 79 
Some Notes on lIntervalve abun 


(R132), H. L. Kirke o 350 
Television (R586.04) J. L. Baird. 730 
Radio-Wien (R616.5), Prof. G. W. O. Howe 533 
Reaction Rejector Circuit (Patents) 775 
Readers’ Views (Correspondence) 119 
Receiver, Crystal-Controlled (Patents) . 778 
Receiver Design, Problems in Broadcast 
(R160.04), P. P. Eckersley ; e 499 
Receivers, D.C. Instrument in Wireless 
(R251), J. F. Herd 565 
Receiver, A Mains (Patents) .. 777 
Receiver, A Reflex (Patents) 714 
Receiving System, An Interesting (Patents) 126 
Recent Developments in Short Wave Wire- 
less Telegraphy (R401), H. Rukop 606, 681 
Reception, The Effect of the Moon on 
(Rr13.8), D. Shannon .. wee 429 
Reception, Trigger System of (Patents) 520 
Reception, Heterodvne (Patents) 583 


Another (Pate nts) 


PAGE 
Rectification Scheme (Patents) T eee 334 
Rectifiers for High Tension Supply (1355.5), 
i R. Mines... us o -.. 41, 105, 182 
Rectifier, A New Valve (R355.55), L. A. 

Sayce gis 209 
Rectitier, A High Tension for a Low- Power 

Transmitter (R355.51), T. S. Skeet 599 
Rectifier, A Gas Discharge (Patents) 649 
Reflex Circuit (Patents) 519 
Reflex Receiver (Patents) 714 
Regeneration Control (Patents) 390 
Reinforced Diaphragm (Patents) e 3209 
Reisz Microphone (Patents) . F 403, 777 
Rejectors and Absorbers (Ry 32. i), Prof. 

G. W. O. Howe 131 
Rejectors and Absorbers (C orrespondence) - 258 
Rejector Circuit, Reaction (Patents) 775 
Relative Values of Long and Short Waves 

(Ro40), R.S.G.B. Discussion 692 
Research, Department of Scientific and 

Industrial (R218) wea as duj 531 
Resistance, Absolute Measurement of at 

Radio Frequencies (R.240), R. M. 

Wilmotte ... 7 gar 2a 
Resistance Amplifier (Patents) 770 
Resistance-Coupled Reflex Receiver 

(Patents) 25 
Resistance, H.F. (R240), P. K. Turner 4 
Resistances, Wire Anode (R383) f 78 
Rectification of Small Radio-Frequencv 

Potential Differences by means of 

Triode Valves (R134, R134). F. M. 

Colebrooke a 34. 90 
Retroaction, Controlling (Patents) OI 
R.I. Tuner (Patents sino we 397 
Royal Society Discussion. The Upper Laver 

(R113. 4) : aj siu 242 
Rugby Radio Station of the British Post 
Office (RoO11), E. H. Shaughnessy 543. 771 
Ses» Lead-in Tube (Patents) 397 
Selective Reception (Patents) ... 332 
Selectivity, Improving (Patents) 775 
Short Wavelengths. Ultra-calibration of 

(R213), F. Aughtie 033 
Screened Aerial System (Patents) . : DO 
Screening of Small Variable Air Conde nsers 

(Correspondence) : “i 58, 117 
Selective Amplifiers (Correspondence) ris 
Short-Wave Calculations, Curves and Tables 

(Ro8o.127.3), A. P. Castellain ... 40 
Short-Wave Oscillator (Patents) 6047 
Short-Wave Receivers, Howling in (Corre- 

spondence) ks 59 
Short-Wave Stations, G2DX_ (Ro25), W. K. 

Alford = siuo 10 
Short-Wave Wireless “Telegraphv, Recent 

Developments in (R401), H. Rukop 6060, 681 
Short Waves for Long Ranges. Capt. W.G. H. 

Miles, R.M. 22 
Short Waves, Some facts and notions about 

(R110), Capt. Duncan Sinclair = 79 

“Short Waves, Who Discovered the Long 

Range of ? (Editorial) 129 
Slide-Rule, A New 171 
Sodion Tube (Correspondence) = 700 
Sodium and Potassium, w into 

Discharge Tubes (R535.3), J. Taylor ... 702 
Spaced Inductance (Patents) ; 204 
Squegger Circuit, 259 


Some facts and Notions about Short Waves 
(Ri1o), Capt. Duncan Sinclair 

Some Notes on Intervalve Couplings (R132), 
H. L. Kirke : 

Some Remarkable Effects of Large H. F. 
Electric Currents (R100.009.1), G. H. 
Farnes Isy ; 

Space-charge Valve (Patents) | is 

Stabilised Amplifier, Another (Patents) 

Stabilising Amplifiers (Patents) 

Standard Specification for Vulcanised Fibre 
and Press Boards 

Straight-line Relationship, The (R381. 4. o1), 
Oliver Hall sis 

Super-Regenerative Circuit (Patents) 

Supersonic Patents (Correspondence) 

Supersonic Transmission (Patents) ... 

Supersonic Circuit, A Four- electrode Valve 
(Patents) ... 

Suppressing Parasitic Oscillation (Patents).. 

Switches and Connecting Boards, Mercury 
Contact (R387), T. B. Baker 


alking Arc (Patents) = 
Television (R586.04), J. L. Baird 

Television Detail (Patents) les 

Television, The Latest Advance ‘Towards 
(R586), L. Fournier 

Test Set, Transformer (R342.7. 009) .. 

Test Set, Direct Current (R384), T. S. Skeet 


Thermionic Voltmeter (R261), W. B. Medlam 
and U. A. Oschwald ... ket 582, 
Transatlantic ` Telephony (R615.12), A. 


Oswald and El Deloraine ; 
Transformer, A Modified Igranic (Patents) .. 
Transformer Construction, Radio Frequency 

(Patents) 


Transformer Curves (Correspondence) 57, 120. 


Transformer Test Set (R342.7.009) ... i 
Transformers, Low-frequency Intervalve 
(R132.1), P. W. Willans . 
Transmission, A Note on (R344.3) ... 
Transmitters, The Keying of Valve (R385), 
W. T. Ditcham : 
Trigger System of Reception (Patents) 
Tuning System (Patents) aŭ 


nderground Aerial (Patents) 


Universal Testing Volt- Ammeter 
(R260.251) 

Upper Layer, The (Discussion at the R. S.) 
(R113.4) 


Use of Small Receiving Valves for Trans- 
mitting (R344.3), A. G. Wood ... 
Utilising the Magnetic Component (Patents) 


PAGE 


ye Construction (Patents) ; 
Valve Cooling Detail (Patents) 

Valve, Detection with a Four-electrode 
(Patents) . T 

Valve, Double Anode (Patents) 

Valve, Double Filament (Patents) ... 

Valve, Double Filament Rectifving (Patents) 

Valve Generator Circuit (Patents) . s 

Valve Nomenclature (Editorial) 

Valve Nomenclature (Correspondence) 

Valve Nomenclature—A New Term Sugges- 
ted (Ro30), Prof. G. W. O. Howe 

Valve, Space-charged (Patents) 

Valve Supply (Patents) 

Valve, Use of Small Recciving for Trans- 
mitting (R344.3), A. G. Wood ve 

Valves, Particulars of German Amateur ... 

Variable Air Condensers, The Laws of 
(R381.4), W. H. F. Griffiths ; dus 

Variations in the Thermionic and Photo- 
electric Emission for Platinum and 
Tungsten (R138), T. Harrison 

Variometer, A Multiple (Patents) 

Varley Magnet Co. : sas 

Very Sensitive Valve Galvanometer (R251), 
Prof. G. W. O. Howe . 

Very Sensitive Valve Galvanometer (C orre- 
spondence) 

Vibrating Electrode (Patents) | 

Vienna Broadcasting Station (Radio- W ien) 
(R616.5), Prof. G. W. O. Howe id 

Volt-Ammeter, Universal Testing (R260.251) 

Voltage Node, Taking Advantage of (R344.3) 

Voltage Regulation of Mains Units (Patents) 

Voltmeter, The Thermionic (R261), W. B. 
Medlam and U. A. Oschwald ... 


Wy ero: Harmonics and Their Effect 
n (Rizo), J. F. Herd... kus „ŝu 
Wavemeter, The Emerald Gis 
Wave-Trap Arrangement (Patents) ee 
Waves, Propagation of Radio (R113), J. 
Hollingworth ; sé 
“ Wipe Out’ (Correspondence) 
Wire Anode Resistances (R383) 
Wireless Annual for 1926 .. 
Wireless Aerials and the Landlord (R540. 07). 
By A Barrister 
Wireless Development since the War (R599) 
Dr. W. H. Eccles ŝ: = 
Wireless Phototelegraphy (R5 82) TE 
Wireless Section of the I.E.E. (Editorial) . 
Wireless Telephonv, The Past, Present and 
Future Developments of ROSO], a 
P. P. Eckersley ... : 


589, 


118, 


Il. 


ADSHEAD, H. E. How Far is that Station ? 
(Ro81) 

ALFORD, W. K. Experimental Radio Sta- 
tion G2DX (R625) ... 

ATKINSON, E.C. An Ammeter Panel (R. 251) 
AUGHTIE, F. Calibration of Ultra Short 
Wavelengths (R213) A 
BAGGALLY, W. Examination of the Proper- 
ties of Audio-Frequency a amiki 

(R132) 
BAIRD, J. L. Television (R586. 04). 
BAKER, T. B. Mercury Contact Switches 
and Connecting Boards (R387) 
BANNER, E. H. W. Common Errors in Con- 
denser Calculations (R127.2) 
BARCLAY, W. A. Alignment Charts for 
Selective Amplifiers (Ro82) 

BARFIELD, R. H., and SMITH Rose, R. L. 
The Cause and Elimination of Night 
Errors in Radio Direction Finding 
(R510) 

Boyce, F. A. Constructing a Self-contained 
Ballistic Galvanometer (R384.6) 
BUTTERWORTH, S. Effective Resistance of 

Induction Coils at Radio-frequency 
(R144)... su 
Losses in Inductance Coils, The Need 
for a Standard of Efficiency (R143) 
Note on a System of Atmospheric 
Elimination (R431) ... 
CASTELLAIN, A. P. Curves and Tables for 
Short-Wave Calculations (Ro8o.127.3) 
COLEBROOK, F. M. Rectification of Small 
Radio-Frequency Potential Differ- 
ences (R134) ... 
Mathematics for Wireless Amateurs 
(510) 


DITCHAM, W. T. The Keving of Valve 


NAMES OF 


PAGE 


251 


203, 309, 417, 483 


46 


- 34, 90 


283, 373, 446, 493, 559, 613, 674, 756 


Transmitters (R385) ... 526 
EccLEs, Dr. W. H. Wireless Development 

since the War (R599) (I.E.E. Wire- 

less Section) ... 740 
ECKERSLEY, Capt. P. P. The Past, ‘Present 

and Future Developments of Wireless 

Telephony (R550) 114 

Problems in Broadcast Receiver De- 

sign (Ri60.04).. 499 
EDGEWORTH, Lt.-Col. K.E. Frequency Vari- 

ations in Thermionic Generators 

(R344.2) 101 
GAY, A. D. DX Work with a Receiving 

Valve (R545.1) 477 
GILLARD, F. W. The Lorenz H.F. “System 

for Radio Transmission (R421) 215 
GOYDER, C. W. Piezo-Electric Effect and its 

Application to Wireless (R351.218) 94, 165 

New Method of Obtaining Frequency 

Stabilisation of a Transmitter (R351) 717 
GREEN, E. Use of Plate Current-Plate Volt- 

age Characteristics (R131) 402, 409 


CONTRIBUTORS. 


PAGE 
GRIFFITHS, W. H. F. Variable Air Con- 
densers (R381.4) ‘i oe se 3 
Further Notes on the Laws of 
Variable Air Condensers (R381.4) 743 
HALL, Dr. OLIVER. The EAE of Fading 
(RI113.1.009) ... : sx, we: 201 
The Straight - Line Relationship 
(R381.4.01) 302 
HARTSHORN, L. Power Loss in Condensers 
(R145.5) 225 
HERD, J. F. An Instantaneous Direct- 
Reading pase onomere hono 
R.125) ... 239 
Harmonics and ‘their effect on Wave 
Form (Riio) 407 
D.C. Instruments in. “Wireless Re- 
ceivers (R251) .. 505 
HOLLINGWORTH, J. The Propagation of 
Radio Waves (R113) . 178 
Howe, Prof. G. W. O. Technical Editor of 
EXPERIMENTAL WIRELESS AND THE 
WIRELESS ENGINEER . I 
Valve Nomenclature—A New Term 
Suggested (Ro3o) ĝu 67 
Rejectors and Absorbers (R432. 1). 131 
A New Theory of the Lead Accumu- 
lator (621.355. 01) . 4606 
Radio Wien (R616.5) .. 533 
Very Sensitive Valve Galvanometer 
(R251).. ; 634 
Hunr, M. HEywoop. The Multi-Rrange 
Ammeter of Constant Resistance 
(R384.6) 425 
KIRKE, H. L. Some Notes on Intervalve 
Couplings (R132) se 350 
MCLACHLAN, N.W. Loud- -speakers (R376. 3) 152 
Amplification and Selectivity of a 
Neutralised Tuned- Anode Circuit 
(R161 and R162) s~ 545 
MARCHANT, Prof. E. W. Fading (Ri 13. 1) . 88 
MEDLAM, W. B. The Thermionic Voltmeter 
(R261) ... 589, 064 
MILEs, Capt. W. G. H., R.M. Short Waves 
for Long Ranges (R401.24) 22 
MiNEs, R. Rectifiers for H.T. Supply, 
Additional (R355.5) ... .. 41, 105, 182 
OSCHWALD, U. A. The Thermionic Volt- 
meter (R201) ... sis i“. 589, 604 
RAVEN-HART, R. (Ch.gTC). Amateur DX 
in South America (R545.009. 2) : 108 
ROUND, H. J. A Method of Calibrating 
Microphones and Loud- ĉa sidi 
(R290) 004 


RUKOP,H. Recent Developments in Short- 


Wave Wireless Telegraphv (R401) 600, 


RYAN, H. N. Long-Distance Work 

(R545.009.2) 52, 
SAVCE, L. A. An Experimenter's Wireless 
Laboratory (R201) 


A New Valve Rectifier (R355.55) 


109, 249, 308, 380, 503, 


09, I44, 2 


PAGE 
SHANNON, D. A New Theory, The Ettect of 
the Moon on Radio Reception 
(Rr13.8) ius whe wee 429 
SHAUGHNESSY, E. H. The “Rugby Radio 
Station of the British Post Office 
(ROr1) 271 
SIMEON, E. Permanency of Calibration of a a 
Variable Condenser (R220) 348 
Sims, L. G. A. The Multi-Range Ammeter 
of Constant Resistance (R384.6) 425 
SKEET, T. S. Direct-Current Test Set 
(R334) 553 
High-Tension Rectifier for a Low- 
Power Transmitter (R355.51) me 599 
SMITH Rose, R. L. and BARFIELD, R. H. 
The Cause and Elimination of Night 
Errors in Radio Direction-Finding 
(R510) iii dru kpa e 307 
SOWERBY, A. L. M. Inductance Coils 
Quantitatively Compared (R240) 220, 363 


TAYLOR, J. An Experimenter's Wireless 
Laboratory (R201) 
Introducing Sodium and Potassium 
into Discharge Tubes (R535.3) 


III, 


69, 144, 243 


THOMAS, H.A. The Performance of Ampli- 
fiers (R342) i kiu ; 
TURNER, P. K. Editorial 


H.F. Resistance (R240) 


VAN DER Pot, DR. BALTH. The Corre- 
lation of Some Recent Advances in 
Wireless (Ro10) 


WAKEFIELD, K. S. Amateur Radio Tele- 
graphy (R350) 
WATT, R. A. Watson. Directional Recor- 
ding of Atmospherics (R114, R125) 
An Instantaneous Direct - Reading 
_ Radiogoniometer (R114, R125) 


WILMOTTE, R. M. Absolute Measurement 
of Resistance at Radio Frequencies 
(R240) = Ŝi = 


J 
Woop, A.G. Use of Small Receiving Valves ' 


for Transmitting (R344.3) 


WiILLANS, P. W. Low-Frequency Inter- 


valve Transformers (Ri32.1) 


DEWEY DECIMAL CLASSIFICATION. 


PAGE 
R000. - Wireless in General. 
Roo8 Digest of U.S. Wireless 
Patents, J. BRADY ... 508 
Rooy.2 Among the Experimental 
Transmitters 53, 214, 270 
Roto The Correlation of some recent 
advances in Wireless, VAN 
DER POL : 338 
ROZO Valve Nomenclature—A New 
Term Suggested, Prof. 
G. W. O. HOWE 67 
Royo Relative Values of Long and 
Short Waves, R.S.G.B. Dis- 
cussion wee OY2 
Robo LEE. W ireless Section, An 
Announcement : 115 
K.S.G.B., A Review of Last 
Year's ‘Activities i 110 
Opening of the LE.E. Session, 
Dr. EccrLEs' Presidential 
Address : ety 724 
Roo4g National Radio Exhibition 
(Ro64) ; 3 020 
Berlin Wireless Exhibition 053 
KoSo.127.3 Curves and Tables for Short- 
Wave Calculations, A. P. 
CASTELLAIN ... vun id 40 
Rost How far is that Station ? 
H. E. ADSHEAD ~u 231 
Ro&2 Alignment Charts for Selective 
Amplifiers, W. A. BARCLAY 344 
Ro84 Maps and Wireless Waves, 
R. KEEN 507 


R113.8 


R100.—Genera! Principles and Theory. 


Some Remarkable Effects of 
Large H.F. Electric Cur- 
rents, G. H. FARNES ; 

Some Facts and Notions about 
Short Waves, Capt. DUNCAN 
SINCLAIR 

Harmonics and their Effect c on 
Wave Form, J. F. HERD ... 

The Propagation of Radio 
Waves, J. HOLLINGWORTH 


The Mystery of Fading, Dr. 
OLIVER HALL 

The Upper Layer (Discussion 
at the R.S.). 

A New Theory, The Effect of 
the Moon on Radio Dao 
tion, D. SHANNON 

Directional Recording of At- 
mospherics, R. A. WATSON 
WATT | so uc 

An Instantaneous Direct- 
Reading Radiogoniometer, 
R. A. WATSON WATT and 
J. F. HERD ... 

Directional Recording “0 At- 
mospherics, R. A. WATSON 
WATT A ro se 

An Instantaneous Direct - 
Reading Radiogoniometer, 
R. A. Watson WATT and 
J. F. HERD ... a 


R100,009.1 


R110 


RI13 
R113.1.009 


R113.4 


Rag 


Rı25 


PAGE 


134 


435 


PAGE 


239 


Rı27.2 


R131 


R132 


R132.1 


R134 


R143 


R144 


R145.5 


R160.04 


R161. R162 


PAGE 

Common Errors in Condenser 
Calculations, E. H. W. 
BANNER . 

Use of Plate. Current- Plate 
Voltage Characteristics, E. 
GREEN ŭis 402, 469 

Some Notes on Intervalve 
Couplings, H. L. KIRKE 

Examination of the Properties 
of Audio-Frequency Ampli- 
fiers, W. BAGGALLY 

Low - Frequency Intervalve 
Transformers, P. W. 
WILLANS : 

Rectification of “Small Radio- 
Frequency Potential Ditter- 
ences, F. M. COLEBROOK . 34, 90 

Losses in Inductance Coils, 

The Need for a Standard of 
Etficiency, S. BUTTERWORTH 267 

Effective Resistance of In- 
duction Coils at Radio-Fre- 
quencv, S. BUTTERWORTH ... 203, 

309, 417, 483 

Power Loss in Condensers, L. 


556 


350 


628 


435 


HARTSHORN . 225 
Problems in Broadcast Re- 

ceiver Design, P. P. ECKERS- 

LEN" Gh 499 
Amplification and Selectivity 

of a Neutralised Tuned 

Anode Circuit, N. W. 

MCLACHLAN. 545 


R200.—Measurements and Standards. 


R201 


R213 
R218 


R220 


R240 


R240 


R251 
R260.251 


R261 


R290 


An Experimenter’s Wireless 
Laboratory, L. A. SAYCE 
and J. TAYLOR 69, 144, 243 

Calibration of Ultra Short 
Wavelengths, F. AUGHTIE ... 

Department of Scientific and 
Industrial Research 

The Permanencv of Calibra- 
tion of a Variable Condenser, 
E. SIMEON... 348 

H.F. Resistance, P. K. TURNER 

Inductance Coils Quantitative- 
lv. Compared, A. L. M. 
SOWERBY as 220, 

The Absolute Measurement of 
Resistance at Radio Fre- 
quencies, R. M. WiLMOTTE 

Verv Sensitive Valve Galvano- 
meter, Prof. G. W. O. Howe 

Universal Testing Volt - 
Ammeter ... she 

Thermionic Voltmeter, W. B. 
MEDLAM and U. A. OscH- 
WALD tee 589, 604 

Audio- Frequency Measure- 
ments 

Method of Calibrating Micro- 
phones and Loud-speakers, 
H. J. RoUND 


R300.— Apparatus and Equipment. 


R340 


R342 


Sources of “A,” “ B,” and 
“C” power for Radio Re- 
ceivers, W. HOLLAND T 

The Performance of Amplifiers, 
H. A. THOMAS ae a 15 


R342.5 
R342.7.009 
R344.2 


R344.3 


R347 
R350 
R351 


R351.218 


R355.007.5 
R355.5 
R355-51 


R355.55 
R376.3 
R381.4 


R381.4.01 
R381.5 


R382 
R 382.009 
R383 
R384 


R384.6 


R385 
R387 


R388 


Neutralising the Crvstal oe 
fier, J. M. CLAVTON ŝis 
Transformer Test Set see 
Frequency Variations in Ther- 
mionic Generators, Lt.-Col. 
K. E. EDGEWORTH ... su 
The Use of Small Receiving 
Valves for Transmitting. 
A. G. Woop 
A Note on Transmission, The 
Voltage Node ; 
Patent Infringement and Ex- 
perimental Use : 
Amateur Radio Telegraphy, 
K. S. WAKEFIELD ... = 
New Method of Obtaining 
Frequency Stabilisation of a 
Transmitter, C. W. GOYDER 
Piezo-Electric Effect and Its 
Application to Wireless, 
C. W. GOYDER ' 94, 
Obtaining Anode Current from 
Mains is 
Rectifiers for H.T. Supply, R. 


MINES ; -.. 41, 105, 
High-Tension Rectifier for a 
Low Power Transmitter, 


T. S. SKEET. 

A New Valve Rectifier, L. A. 
SAYCE ee ae 

Loud - speakers. N. W. 
MCLACHLAN. 

Notes on the Laws of Vv ariable 
Air Condensers, W. H. F. 
GRIFFITHS 

Further Notes on the Laws of 
Variable Air Condensers, 
W.H. F. GRIFFITHS 

The Straight Line Relation- 
ship, Dr. OLIVER HALL 

A Condenser Potentiometer, 
E. BAINBRIDGE BELL 

Toroids, E. J. MARCO 

Nick-o-Time Tunometer Coils 

Wire Anode Resistances 

Direct Current Test Set, T. S. 
SKEET 

Multi-Range Ammeter of Con- 
stant Resistance, L. G. A. 
Sims and M. H. HUNT. 

Constructing a Self-Contained 
Ballistic Galvanometer, F. A. 
BOYCE : 

Keving of V alve T ransmitters, 
W. T. DITCHAM ve 

An EFlectrostatic Screen, E. 
BAINBRIDGE BELL ... 

Mercurv Contact Switches and 
Connecting Boards, T. B. 
BAKER . 

The Use of ile ‘Cathode Ray 
Tube as a Wattmeter, etc., 
Prof. J. A. FLEMING 


R400.—-Systems of Working. 


R401 


R401.24 


Recent Developments in Short- 
Wave Wireless Telegraphy, 
H. RuKop 606, 

Short Waves for Long Ranges, 
Capt. W. G.H. MILES 


IOl 


50 


OSI 


22 


R421 


R431 


R432.1 


The Lorenz H.F. System for 
Radio Transmission, F. W. 
GILLARD ; 

Note on a Svstem of Atmos 
pheric Elimination, S. 
BUTTERWORTH : 

Rejectors and Absorbers, Prof. 
G. W. O. HowE 


R500.— Applications and Uses. 


R510 


R535-3 


R540.07 


R545.009.2 


Vacher—34240 


The Cause and Elimination of 
Night Errors in Radio Direc- 
tion- Finding, R. L. SMITH 
RosE and R. H. BARFIELD 

Introducing Sodium and 
Potassium into Discharge 
Tubes, J. TAYLOR ... 

Wireless Aerials and the Land- 
lord, br A Barrister 

Amateur DX in South 
America, by ChgTC i 

Long- Distance W ork, H. N. 


PAGE 


215 


618 


131 


367 


762 


433 


108 


RYAN 52, 109, 249, 308, 380, 563, 


An Ammeter Panel, E. C. 
ATKINSON 

D.C. Instruments in Wireless 
Receivers, J. F. HERD : 

DN Work with a eve 


Valve, A. D. Gay ... 


710 
544 
565 


477 


R582 
R586-04 
R599 


The Past, Present and Future 
Developments of Wireless 
Telegraphy, Capt. P. P. 
ECKERSLEY 

Wireless Phototelegraphy 

Television, J. L. BAIRD 

Wireless Development since 
the War, Dr. W. H. EccLEs 


PAGE 


114 
301 


730 
740 


R600.— oe Design, Operation and Manage- 


ment. 


Ror 


R616.5 


R625 


Rugby Radio Station of the 
British Post Ottice, E. H. 
SHAUGHNESSY e siis 

Germanv's High Power Broad- 
cast Station. 

Radio Wien, Prof. Howe 

Experimental Radio Station 
G2DN 


Non-Radio Subjects. 


510 


621.355.01 


271 


411 
533 


19 


Mathematics for Wireless 
Amateurs, F. M. COLE- 
BROOK 253, 373, 440, 493, 


559, 013, 674, 


A New Theory of The Lead 
Accumulator? Prof. G. W.O. 
Howe 


750 


400 


VOL. III. 


EXPERIMENTAL 
WIRELESS 


The WIRELESS ENGINEER 


JANUARY, 1926. 


No. 28. 


Editorial Views. 


New Editorial Appointments. 


ITH this issue we not only commence 

V V a new volume of E.W. & W.E. but 

. are able to announce an important 
change in the editorial management of the 
journal. 

Our readers will be interested to learn 
that Prof. G. W. O. Howe, D.Sc., M.LE.E., 
has undertaken to act as Technical Editor, 
whilst the Editorship passes to Mr. H. S. 
Pocock, who is also Editor of the sister 
journal The Wireless World, with which 
he has been associated in that capacity for 
many years. 

With the appointment of Prof. Howe an 
old association is renewed, for he acted as 
Editor of the Radio Review from its first 
publication until its amalgamation with 
The Wireless World. 

Prof. Howe, who was for many vears 
Assistant Professor of Electrical Engineering 
at South Kensington, and later Head of the 
Department of Electrical Measurements, 
including Radio Telegraphy, at the National 
Physical Laboratory, is now Professor of 
Electrical Engineering at Glasgow University. 
He was Chairman of the Wireless Section of 
the Institution of Electrical Engineers from 
1921 to 1923. He has been a Vice-President 
of the Radio Society of Great Britain from 
its inception and is a member of the Radio 
Research Board of the Department of 
Scientific and Industrial Research. 


Our readers will see in these appointments 
a proof of the determination of the publishers 
to maintain the high standard which has 
always been one of the outstanding features 
of EW. & W.E. 

We have recently received several letters 
from readers suggesting that articles on 
various subjects would be very acceptable. 
Our readers may rest assured that we welcome 
such suggestions and that every effort will 
be made to meet their expressed wishes by 
publishing authoritative but simple articles 
on the subjects suggested. 

We trust that every reader will do what he 
can to make E.W. & W.E. known to other 
wireless workers. 


Common Logarithms or Natural Logarithms P 


N the article entitled ‘Curves and 
[rans for Short Wave Calculations ” 

contributed by Mr. A. P. Castellain, he 
works out several examples of the inductance 
of ccils. The formule involve logarithms 
and these logarithms are the so-called natural 
or Naperian logarithms to the base e. Now 
the question which arises is this: is it 
preferable to work in these natural logarithms 
or to convert them straight away into the 
more familiar common logarithms to the 
base 10? Mr. Castellain apparently prefers 
the former method, but personally we always 
employ the latter method in such calculations. 
Not only are tables of common logarithms 


C 
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much more likely to be found at hand, but 
one can read them directly off any slide rule 
with an accuracy sufficient for almost every 
application apart from the class of work 
which is done at such institutions as the 
National Physical Laboratory. Not only so, 
but our whole system of numbers is based 
on the decimal system and the common 
system of logarithms is specially designed to 
facilitate calculations. One need only look 
at Mr. Castellain’s calculation of log: I 970 
to appreciate the point, for everyone knows 
that /og,o 100 is 2, but who could say at once 
that log: I00 is 4.605? When we have to 
calculate log: 8a'p we therefore prefer to call 
it 2.3 log,» 8a p, and having divided 8a by p 
on the slide rule, to read off the logarithm 


of the quotient and multiply it by 2.3 without ` 


writing a single figure. 


The Inductance of Straight Wires. 


T is generally stated that the inductance 
IE a straight wire of length / cms. and 

small radius p cms. is for high frequencies 
given by the formula 

L=2l (log: 2l p — 1) cms. 

This is the formula given by Mr. Castellain 
in his article in this number, but let us look 
a little more closely into the meaning of the 
term the “ inductance ” of a piece of straight 
wire. 

The formula given refers only to that part 
of the magnetic flux which lies between two 
parallel planes perpendicular to the wire 
and passing through its extremities. The 
current in the wire of length / produces a 
greater magnetic flux outside these planes 
than between them—the total flux is indeed 
infinite, as one can prove by simple integra- 
tion—and however useful the above expres- 
sion may be in subsequent calculations, there 
appears to be no justification for calling this 
the self inductance of the piece of conductor. 

Similarly the formula usually given for 
the mutual inductance between two parallel 
conductors of length l is really a formula 
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for the magnetic flux due to unit current in 
the wire AB, which passes through the 
rectangular strip shown shaded which must 
be assumed to stretch away to infinity. 
Now this is a very useful thing to know, but 
it is not at all clear why one should call it 
the mutual inductance between the two wires. 
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This is generally defined as the lines due to 
unit current in AB which cut the wire CD. 
Now who will say that the line of force due 
to AB which passes down through the paper 
at P got there without cutting the wire 
CD? The application of the terms self and 
mutual inductance to straight pieces of wire 
without any reference to the rest of the 
circuit is bound to lead to such difficulties. 


Esperanto and the Reader. 


OR some time past a good deal of space 
Fa been devotedin E.W. & W.E., month 

by month, to the international language, 
Esperanto. With the commencement of a 
new volume it is natural that the question 
of the relative importance of various sections 
of the Journal should receive the special 
attention of the editors. To guide us in our 
decision as to whether or not the space and 
attention which has been devoted to 
Esperanto in the past has met with the 
approval of our readers, we invite those 
readers who appreciate the section to send 
us a post-card expressing their views, and 
our decision regarding the allocation of space 
to Esperanto in the future will be largely 
influenced by the response received to this 
invitation. 


e 
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Notes on the Laws of Variable Air Condensers. 


By W. H. F. Griffiths. 


of a modern wireless receiving set are 

its variable condensers, and care should 
therefore be exercised in the selection or 
design of these units for any particular 
purpose. If the maximum capacity of a con- 
denser is too great, tuning by its means may 
become too critical due to its having too great 
a capacity change for a given angular move- 
ment, more particularly at the commence- 
ment of its scale. This effect may be mini- 
mised by the fitting of a worm gear or other 
form of fine adjustment gearing to enable 
very fine angular movement to be smoothly 
performed, but again it must be remembered 
that in most wireless circuits employing 
potential-operated detectors and amplifiers, 
such as crystals and thermionic valves, the 
capacity of oscillatory circuits at resonance 
should be kept within limits, as the oscillatory 


A MONG the most important components 


potential available across these circuits is | 


proportional to the reactance of that capacity, 
Which is inversely proportional to that 
capacity. 

If, on the other hand, a variable condenser 
has too small a maximum capacity value, 
there is a probability that it will have a far 
too limited range of capacity variation, due 
to the fact that its minimum or “ Zero ” 
capacity cannot possibly be reduced propor- 
tionately to its maximum capacity, especially 
when it is augmented by the distributed 
capacity of the inductance coil with which it 


is paralleled and by various lead capacities, 


inter-electrode valve capacities, etc. If the 
condenser is fitted with an electrostatic 
screen Which is connected electrically to its 
moving plate system, its minimum capacity 
is even more seriously augmented because 
of the large surfaces of fixed plate system 
and screen (between which the full potential 
ditterence exists), which are of necessity 
constantly in fairly close proximity unless the 
size of the screen is made impossibly large. 

When a variable condenser of the correct 
value has been chosen, some idea as to the 
“law ” connecting its capacity variation with 
angular movement must be known. 


[R381°4 


Assuming that the mechanical imperfec- 
tions of a condenser have been removed (t.e., 
that each moving plate rotates truly parallel 
with, and exactly midway between, the pair 
of fixed plates with which it interleaves) the 
capacity change, if semi-circular plates are 
employed, should follow the straight line law 


C=a0-b .. se (1) 
in which C = capacity, 8 = degree scale 


reading and a and b are constants, “a” 
determining the “slope” dC dð of the curve 
(or tana) and “6” determining the position 
of its intersection with the “ C” ordinate 


as shown in Fig. I. 


Fig. 1. 


Actually, however, as is well known, the 
curve only obeys this straight line law 
between certain limits of capacity, such as 
those of 6=20 degrees and 8=i1b60 degrees 
of Fig. 2. Outside these limits the curve 
bends owing to the absence of uniformity of 
field at the edges of both plate systems and 
to the 5 degrees cut-away portions of the 
moving plates in some makes of condensers. 

If the capacity values of the condenser be 
measured at, say, 20 degrees and 160 degrees, 
a pair of simultaneous equations may be 


c2 
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formed, the solution of which will give the 
constants of the law to the curve so :— 


When @=20° C=72ppF 
and when 6=160° C=4b0uuF 
". 460= 100a 4-b 
and 72= 20a--b 
388=140a . A=2.77 
and b=72— 55.4 
= 16.6uuF 


The complete equation to the capacity curve 


N 

e] 

© 
AN 


O 20 40 60 80 100 120 140 160 180 
0 
Fig. 2. 
of Fig. 2 between the limits 0= 20° and 
0= 160° is therefore 
C = 2.770 +16.6 F 

It will be observed that the two ends of 
the curve are bent to about the same extent ; 
this shows that the moving plates are 
symmetrically spaced relative to the fixed 
plates when the condenser is set at zero, as 


(a) (b) 
Fig. 3. 


shown in Fig. 3 (a). 


If they were not sym- 
metrically set as, for instance, is shown in 
Fig. 3 (b), the curve itself would also be un- 
symmetrical about the 90° point as shown in 
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Fig. 4, with a consequent increase in the 
constant “ 6” of the curve and in the residual 
capacity value at o”. 

The reason for limiting the moving plates 
to about 170 degrees as shown in Fig. 3 is, 
of course, merely to effect a reduction of this 
residual minimum capacity value. 

It has bcen stated above that each moving 
plate should rotate exactly midway between 
the pair of fixed plates with which it inter- 
leaves. 


Fig. 4. 


The reason for this is that since the 
capacity between the adjacent moving and 
fixed plates is connected with the distance 
between them by an inverse law, it follows 
that the percentage change of capacity (for 
a fixed scale setting) due to a given change 
of position of one bank of plates, axiallv 
relative to the other, will be a minimum when 
the distance between all adjacent plates is 
a maximum. This can only occur when the 
distances between all adjacent plates are 


FIXED PLATE 


p FIXEO PLATE 

2 

d MOVING PLATE 
J 


Fig. 5 


equal, and in this condition the capacity 
value of the condenser is, of course, a mini- 
mum for any given degree scale reading. 

Let d, and d. be the distances of the 
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dieleetric gaps shown in Fig. 5 then the 
capacity of the condenser is proportional to 
1 d,HI4d.. 


. Capacity is proportional to d, —d; did., 
but d;, Hd, is constant. 


<. Capacity is proportional to I 'd,d.. 


In order to show that this exact “ mid 
setting ” of plates is far from being unim- 
portant, a curve (Fig. 6) has been plotted 
giving, for any «initial percentage axial 
displacement of one set of plates from the 
correct “mid position,” the percentage 
capacity variation of the condenser, for anv 
fixed scale setting, when a given small axial 
displacement of one set of plates occurs due 
to some mechanical defect happening sub- 
sequent to calibration. 

From a glance at this curve it will be seen 
that the calibration constancy of a variable 
condenser is very largely due to the careful 
equalisation of all the dielectric gaps. 
Further, it will be seen that the closeness with 
which a condenser follows its law of capacity 
variation also depends very largely upon this 
adjustment, since the effect of any want of 
parallel movement of the moving plates will 
be less evident after the gap equalisation has 
been effected. 


30% 
R—n 
Fig. 6. 

(A) Percentage variation of capacity for a displace- 
ment of one set of plates axially relative to the 
other, equal to 10% of the two gaps dxd.. 

(B) Initial percentage displacement of one set of plates 
Jrom the ‘‘mid position.” 


40% 


If the capacity curve of a condenser is 
known to be a straight line between limits, 
then the law of the curve connecting its 
degree scale reading with its wave-length for 
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any given inductance may be very simply 


found, as p 
à=k VO .. e. (2) 


and C=a0 +b from (1), 

whence A=k, y a0 +0 .. s (3) 
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6 
Fig. 7. 

The constants “a” and “ b”” have already 
been found and if, for a given inductance, 
the constant k, (which is 18851/L) is assumed 
to be 50, then 


A= 501/2.778 + 16.6 metres, 


and the curve to this equation can be plotted 
between the angular limits of the straight 
line law of capacity. This curve is shown 
in Fig. 7 and it should be noted that the 
distributed capacity of the inductance coil 
has been neglected in its calculation. 

In passing it may be of some interest to 
note the best-known method of determining 
the distributed capacity of an inductance coil 
of an oscillatory circuit when plotting the 
wave-length curve ot the latter. 

As the wave-length of an oscillatory 
circuit is proportional to the square-root of 
the capacity, if, instead of plotting wave- 
length against capacitv, the square of the 
wave-length be plotted against capacity, a 
straight line as shown in Fig. 8 will be 
obtained. If now the line be continued 
beyond the point where C=O it will cut the 
axis of C at a point representing the true 
zero of capacity of the oscillatory circuit and 
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the distance “C,” from this point to the give even variations of wave-length value ; 


zero Of added capacity will be a measure of 
the distributed capacity of the inductance 
coil and circuit generally. 


Fig. 8. 


It shouid be noted that in this curve 
(Fig. 8), unlike all the previous curves, actual 
capacity values are plotted along the x axis, 
and not degree scale readings. The reason 
for this is obvious. | 

Variable condensers having semi-circular 
moving plates, although giving an even 
variation of capacity value, do not, of course, 


eer | 


07 20 40 60 80 100 120 140 160 180 
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Fig. 9. 


and in view of this, condensers having 
“square law ” shaped moving plates have 
been designed, in which attempts are made 
to make the curve plotted between wave- 
length and degree scale reading a straight line. 

In such condensers the capacity value at 
any point of the scale should be proportional 
to the square of the degree scale reading. 

As an example of method, the simple 
calculation for such a plate is given, though 
for reasons shown later it will not in practice 
fulfil its object. 

If the residual (zero) capacity of a variable 
air condenser of this type, together with the 
distributed capacity of the inductance coil, 


20 40 60 80 100 120 140 160 180 


Fig. Io. 
be neglected, the law connecting capacity 
and degree scale reading will be 
C,=a0? (where a is a constant) .. (4) 


and if a condenser having a maximum value 
of 500uuF be taken as an example, when 


“9=80” Cy=500 


and the equation to the capacity curve 


becomes 
Co = 0.015 40?uuF. 


This true “ square law” curve is given 
as Cy in Fig. 9, and to satisfy this square law 
of capacity increase with angular movement 
“9” of moving plates, the area of moving 
plate “ A,” enclosed by the fixed plate 


‘ 
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system at any angular position “8” must 
be proportional to 0.015 462. 

'. Ay=k,(0.015 462) 
and if the total area of the moving plate is 
assumed to be 20 square centimetres, then 
A y=20 when #=180 


= 0.039 9 


20 . 
“0.015 4 X 1802 
and the law becomes 

Ao = 0.0399 X 0.015 462 
==0.00061562 square centimetres. 


This curve of plate area plotted against 
degree scale reading is given as 4, in Fig. Io, 
and the shape of plate given in Fig. II 
satisfies this curve. 

The radius of this plate at any given 
angular position 82 may be found in the 
following manner :— 

For small angular increments ĉ0 (Fig. I1) 
the incremental areas may be regarded as 
sectors of circles of radius R, and as the 
area of a sector of a circle is . 


a Š 
-Re Radian= 57.3 degrees 
separ’ [ 57.3 degrees] 
ike-aladed Aven da Ry. 
2% 57-3 


From this 
R, A 6 Ao 


and by making the saua increments ¢6 
infinitely small the exact value of Ry is 
obtained 


dds 


R= ĵo ee. «dab 5) 


I14. 
and from A, = 0.000 6150? 
dA, 
dé 
n Ro=4/114.6 x 0.001 236 
= 0.3761/ 0 cms. 

The radii at various angles given in the 
following tabulation may, from this formula, 
be very rapidly computed, and from them the 
shape of the plate drawn as in Fig. 12a. 

It should be noted that in the above for- 
muke for the plate area and shape no 


= 0.00I 230 
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account has been taken of the semi-circular 
non-active centre portion of the plate. 
Apart from this, .such a true “ square 
law ” plate shape is of very little use, for it 
only gives a “ square law ” capacity curve 
(Co of Fig. 9), if the residual capacity of 
the condenser is neglected. A reasonable 
value for this residual capacity (t.e.,, the 
capacity at O°), as augmented by that of 
the leads together with the distributed 
capacity of the inductance coil, would be 
abcut 36uuF, and so the curve Co of Fig. 9 


90° 


1809 — 


Fig. II. 


must be displaced upwards by this amount, 
giving the new curve of actual resultant 
capacity C, at any degree scale reading of 
the condenser when using plates shaped to 
the area curve A, Fig. 10 [Ry = 0.3769']. 
This new curve, it will be seen, no longer 
gives a “ square law ” variation of capacity, 
and will therefore not satisfy the conditions 
for giving the straight line law of wave- 
length which it was required to obtain. 


=e uli 
6543210123 EEE eae 
(a) (b) 
Fig. I2(a). R,=o.37690!. 
Fig. 12(b). Ry=[114.6 | 2ka,(a,0+b,)+K) J? 
Stated simply, the rate of increase of 
capacity is too great over the last quarter of 
the scale (tuning will be too critical) and not 
great enough over the first quarter of the 
scale (tuning will be very open). 
In order to correct for this error a new 
law must be formed to take account of this 
all-important residual capacity. 


————Ĉ—— ————— A ————————  ——— 
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Corrected Square Law Plate. 


In order that the wave-length variation 
with angular rotation cf the“ condenser shall 
be uniform (t.e., that dA'd0 shall be constant), 
A must be proportional to a0--b, and as 
A« VC, it follows that C must be pro- 
portional to (a0-4-b)?. Therefore 


C = (a8 + b.)? (6) 
where a, and b, are constants depending 
upon the maximum and augmented residual 
capacities of the condenser. 

When 8=0, C must obviously equal the 
residual capacity, and so 
Residual capacity =b ,? 
from which the constant 
b. =4/ Residual capacity. 
And when 0= 180, C must be the maximum 
capacity of the condenser. 


Max. cap. = (180a; + 4/ Residual cap.)?, 
from which the constant 
— W Max. capacity — y/ Residual capacity 


TT |e 


For any desired values of maximum 
capacity and residual capacity therefore, 
the capacity at any scale position can be 
directly calculated from equation (6). 

C is, of course, a composite capacity 
consisting of the residual capacity plus that 
due to actual plate area in operation, and 
the part due to the actual operative plate 
area is naturally equal to C-—Residual 
capacity. 

The plate area in operation at any degree 
scale reading 8 will therefore have to be 
proportional to C — residual capacity. 

Therefore from equation (6) the arca of 
plate at any angle @ will be given by 

A,=kt (a.0--b.)“— Residual capacity} (8) 
Where & is a constant depending upon the 
total plate area. This, however, neglects 
to take account of that semi-circular portion 
of the moving plate which is rendered 
inoperative by the cut-away portion of the 
fixed plates round the spindle of the con- 
denser. A term may be added to com- 
pensate for this error. 


0 degrees 


ed 


R, centimetres 
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The inoperative area is alwavs a sector of 


a circle of radius “ y,” and is 
0 ; 
Tr? 
2X 5753 


and this may be written K0 where the 
constant K= r2'114.6. 


The complete expression for plate area 
therefore becomes :— 


A=k((a.0--b.)?- Residual cap.) +K0 (7) 
When 8 =r8o, A, is, of course, the total 


plate area, and if this is given the value of 
the constant & may be found for— 


Total plate area = 
ki max. cap.—Residual cap.’ +180K 
from which the constant 
Total plate area— 180K 


~ Max. cap.—Residual cap.” (10) 


From (5) the radius R at any point of the 
plate is :— NN 
R=4| 114.6 
And from (7) 
A =k} (a,0--b )?” — Residual cap. | +0 
=k; a,262+2a.b,0+b,2—Resid.cap.' --KO 


aA, 
48 


(11) 
Differentiating— 
ĉa = kza 20+2a b.)--K 
= 2ha (a ,0 pb,) 4-K (12) 


Therefore the radius of the corrected 
square law plate at any angle 8 is given by— 


R,=l114.6 '2ka (a 0+b) pK) (13) 


As an example a condenser having a 
maximum capacity of 500upuF has been 
taken, and it has been assumed that, in the 
absence 'of more exact data, the residual 
capacitv, augmented as prev iouslv explained, 
will be of the order of 36npF. The capacity 
curve for this condenser to equation (6) 
is given in Fig. g (C,). The plate area curve 
to equation (0) is given in Fig. ro (4,), and 
the values of plate radius R, for various 
values of 9 have been computed from equa- 
tion (13) and are given in the following 


60 90 120 150 180 


3.18 | 3.56 | 3.86 | 4.12 | 4.358 
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tabulation. As a basis for the dimensions of 
the plate a total plate area of 20 square 
centimetres has been taken for this example. 

Figs. 12b and 13 show the shape of the 
plate drawn with these radii and it will be 
scen that it differs greatly from the “ square 
law area ” plate of Fig. 12a, although it will 


90° 


180° of 


l 
Fig. 13. R,[114.6 | 2ka,(a,0+b,)+K ' |} 
(See also Figs. 16 and 19.) 


give a true “ square law capacity” change 
and a consequent uniform scale of wave- 
length. 

It is of interest, perhaps, to note that the 
effect of ignoring the centre inoperative 
portion of the moving plate is to decrease the 
minimum radius from 2.49 cms. to 2.32 cms. 
and to increase the maximum radius from 
4.38 cms. to 4.48 cms. 

Fig. 14 shows curves of calculated wave- 
length (A = 501/C) plotted against degree 
scale readings obtained by the use of plates 
of the three shapes discussed up to the present. 
The curve A is obtained when semi-circular 
plates are employed, the curve A; when 
plates of radii Ry arc employed and the curve 
A, when plates of radii R, are used. The 
curve A, is, of course, absolutely straight 
throughout its entire scale length whereas 
the curve A, is far removed from this ideal. 


If a variable condenser having plates 
shaped to give a straight line curve of wave- 
length is fitted with a single fine adjustment 
plate or “ vernier,” the evenness of its scale 
graduations, it should be noted, will depend 
upon the single plate being at its position of 
minimum capacity. If the single plate 
happens to be in a position of considerable 
capacity the wave-length curve will be bent 
slightly for the first few degrees of the scale. 
It should also be noted in connection with 
““vernier”” plates that these should prefer- 
ably be of semi-circular shape (irrespective of 
the shape of the plates of the main condenser 
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unit) in order to obtain the same degree of 
fine tuning whatever the exact position of the 
single plate happens to be. 


Inverse Square Law Plate. 


Although the square law plate shape 
facilitates the “ tuning-in ” of stations whose 
wave-lengths are known and renders less 
critical the tuning adjustments at the lower 
capacity end of the scale, it is obviously not 
the ideal plate shape that should be used for 
C.W. work. Beat notes are governed bv 
frequency difference. In order to obtain 
tuning adjustments equally critical as regards 
“chirp” at all parts of a tuning condenser 
scale, the latter should be evenly divided in 
frequency and should have a plate shape 
designed to give this “ straight line law ” of 
frequency variation with degree scale reading. 
In this case the heterodyne beat note range 
(ĉ.e., angular movement of the condenser 
scale required to vary the note of hetero- 
dyning with a station of constant wave- 
length from, sav, I 000 cycles per second 
through exact synchronism to I 000 cycles 
per second on the opposite side of synchronism), 
will be constant for all scale readings. It 
should be noted also, in passing, that 
frequency tuning would facilitate supersonic 


100 120 140 160 180 


O 20 40 60 80 
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Fig. 14. 


heterodyning, where constant frequency ditfer- 
ences between receiver and local oscillator 
are required. 

To proceed with the design of this uniform 
frequency change condenser plate, since 
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frequency is inversely proportional to wave- 
length, t.e., 


kıy C 
then in order to obtain a straight line law 
between frequency and degree scale reading 
it is at once apparent that the capacity of 
the condenser must vary inversely as the 
square of the degree scale reading. The 
equation to the capacity curve must be :— 


I 
C Se ee F 0.o 
> (a;0 +b)? 
where a, and b, are constants depending upon 
the maximum and residual capacity values 
of the condenser. | 


e. (14) 


0 20 40 60 eer 120 140 160 180 


Fig. 15 (See also Fig. 9). 


` 


If the maximum capacity is known and the 
residual capacity is estimated, the values of 
these constants may be found. 


When 0=0, C, must be the maximum 
capacity and so 


Maximum capacity = Ae 
J 
from which the value of the constant b, is 


l I l 
Max. cap. 


and when @=180, C, must be the value of 
the residual capacity. 
I 


. Residual cap. So zEb): 
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from which 
-LI( 7 — b, 
180 iv Residual cap. 


The part of the capacity C, due to actual 
plate area is C,— Residual Capacity, and the 
plate area in operation at any degree scale 
reading @ must therefore be proportional to 
this value ; that is to say :— 


43 


—})\ I 

A, “eron: 
But, to be exact, a term must be added as 
before to account for the semi-circular centre 
portion of the plate which is rendered in- 
operative, and this will involve the constant 
K, the value of which was determined for 
equation (9), the term itself in this case 
obviously being A(r08—#), and the complete 
area expression becomes :— 


— Residual Cap. | (15) 


I : 
A; =k | FIER — Residual cap.) 

+ A(180 — 8) (16) 
and for any given total plate area the value 
of the only remaining unknown, the constant 
k, can be determined. It is easily seen that 
this has the same value as in equation (ro), 
in fact the values of k and K are unaffected 
by the law of the plate, and from (16) 


oe ka -+ K | where x =a,0+4 6, 


dé 
(17) 
Therefore :— 
= ( 2ha, „ | 4 
R;= [mol Sro -- K. | ». (18) 


The minus sign obtained when differen- 
tiating merely indicates that the area is 
decreasing with increasing values of 8 and 
can be ignored in forming the expression 
for R;.. 

As an example, in the design of a plate to 
this law, a condenser to give a uniform scale 
of frequency and having the same values of 
maximum and residual capacities as those 
of the square law example has been worked 
ont. In order to facilitate comparison also, 
the total plate area has been made the same 
as that of the square law example. The 
data therefore are as follows: 


Max. cap. 500upF. 
Augmented residual cap. 36uwuF. 
Total plate area (at 9=0) 20 square cms. 
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The curve of Fig. 15 has been plotted for 
this condenser the capacity values being 
obtained by the use of the equation (I4). 


90° 


180° e. 
Fig. 16. R,=[rrg.6! ĉu aK]? 
= ST es taal 
(See also Figs. 13 and 19.) 

The values of plate radius R, for various 
angles 8 (tabulated below) have been com- 
puted from formula (18), and Fig. I6 is a 
scale drawing of the plate 


shape constructed to ` | 
Le) 
these values. | 4 | di i | 
Fig. 17 shows the | | 
variation of frequency , © (| 825 | 
with degree scale read- |, A | kalk | 
ing when using this , 39 | de 
condenser in conjunction | 40 (= 4.17 
with an inductance of a | vo : 3.32 
value such that pO 9 oa 
` 100 ' 2.37 
x IOS P I2O || 2.10 
= E m order to 140 1.90 
VC; © 100 1.70 
0 ISO | 1.65 


keep the example easily 
comparable with that of 
the previously designed square law plate. 


Exponential Law Plate. 


There is yet another condenser law which 
is extremely useful in radio work for all 
purposes except where autodyne reception is 
used (for which the previous type is the best) ; 
the “ exponential ” or “ compound interest ”’ 
law. 

When using a variable condenser having 
plates formed to suit this law in an oscillatory 
circuit, the same percentage detuning will be 
obtained for equal degree scale movements 
at all positions of the scale. That is to say, 
the rate of change of wave-length (or fre- 
quency) at any setting of the condenser will 
be proportional to the wave-length to which 
that setting corresponds. ; 


a 
do 
or a = bA where 6 is a constant. 


{ 
eair pn a 


must be proportional to A 


Jan., 1926 


The law which satisfies this condition 1s, 
of course, the exponential law. 


A= ar’ (19) 


At the suggestion of the Editors the 
present article is being extended to cover the 
design of a plate to give this law connecting 
wave-length and degree scale reading. 

Since the wave-length corresponding to any 
condenser setting 0 is given by 


A = ae” 
and A = k VO 
then k yC =a 

I b = I 9 2 
or C =h (a = ke A-E žá 


The equation to the capacity curve of this 
condenser must therefore be 


(=: ase 


where a, and b, are constants depending upon 
the maximum and residual capacity values 
cf the condenser. It should be noted here 
that b,= 2b, as the constant b of equation 
(19) will be useful later. 


(20 ) 


~r 5 


0 920. 40 60 80 100 120 140 160 180 
O 


Fig. 17. (See also Fig. 14.) 

The values of these constants are very 
easily determined from the values of maxi- 
mum and residual capacity, because when 


0=0, 


Pi becomes unity and so the constant a 
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is the effective (augmented) residual capacity 
of the condenser. 

Also, when 9=180, C, must be the value 
of the maximum capacity of the condenser 
and so :— 


180), 


Max. cap. = (Residual cap.)e 


Equating logarithms :— 

log (max. cap.) = 

log (residual cap.) + (180b, logice) 
from which 
a log (max. cap.)—log (residual cap.) 

78.174 (21) 

As in the previous examples the part of the 
capacity at any angle due to actual operative 
plate area is 

C,—residual cap., 

and the operative plate area for any con- 
denser setting must therefore be 


= / a e's” —residual cap. e 2) 


X 
` 


but the term K0 must be added to this 
expression to compensate for the loss of arca 
round the condenser spindle, the complete 
area expression becoming :— 


d= pla” — Residual cap. | +K@ (23) 


The values of the constants A and & can be 
determined from a knowledge of the total 
plate area and the radius of the centre cut- 
away portion of the fixed plates round the 
spindle ; in terms of these dimensions thev 
will be exactly as determined for equation (9) 
for the plate area of the square law plate. 

As the radius of the plate at any angle 6 
is given, as in the previous examples, by :— 


la 
R, NEN, one 


the expression for plate arca (13) must be 
differentiated, which gives 

so SAO ea a (24) 
The plate radius is therefore given by 


R,= | 114.6 (kada K} |? 


(25) 
aia 


9 'deg. | o | 10 | 20 | 30 60 8o 


40 


sd 


— == 


4, cms. | 1.93 | 2.02 | 2.13 


[| 
' 


| 
2,24 | 2.36 2.04 298 
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Values of capacity and plate radius for a 
condenser of the same value and total plate 
area as assumed in the other examples have 
been computed from these formula, and the 
results given in the capacity curve of Fig. 18 
and the plate shape drawing of Fig. 10. 


0 20 40 60 a 120 140 160 180 
Fig. 18. 


These two figures should be compared with 
the corresponding figures for the “ square 
law” and “inverse square law ” plates. 
The following tabulation gives the values of 
plate radius Ry for various angles 9. 


90° 


1809... OF 
Fig. 19. Ry=[114.6 | kaybye?!? +k. |} 


(See also Figs. 13 and 16.) 


Fig. 20 gives the wave-length curve ob- 
tained with the condenser of this example 


4.40 47I 5.04  §.40] 550 


120 | 140 150 160 170 180 
| 
| 
| 


3.35 | 3-55 


E————-——— 


— 
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and from it will be seen that a given angular 
movement of the condenser will give the 
same percentage change in wave-length at 
all points of the scale. 


O 620 40 60 80 


100 120 140 160 180 


Fig. 20. 


Morcover, it will be observed that the 
frequencv curve, plotted in the same figure, 
follows the same law and that the two curves 
are perfectly symmetrical about the centre 
of the scale (@=90°). This fact is peculiar to 
the exponential law condenser and may be 
explained as under :— 


he 


A= ak 
dA by 
and dy abe =ba 
but f=zxo( 3) =3x10'( 3) 
I —bt 
df 
and do— 3x101 =S. e) 
= —b, EZO ~l 
adj 
dX „I df I 
dd A dW f 


69x10? 
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Showing that the percentage change of 
wave-length per degree of movement 1s 
exactly equal to the percentage change of 
frequency per degree and this percentage is 
a constant characteristic of the condenser, 
remaining the same whatever the value of 
the associated inductance (provided that the 
value of its distributed capacity has not 
varied greatly from that of the inductance 
for which the condenser was designed). The 
value of this percentage change is, of course, 
simply rool and the constant b has already 


been seen to be equal to zi 


The value of the constant b, was deter- 
mined for the equation (20) to the capacity 
curve and is 
log (max. cap.)—log (residual cap.) 

78.174 


and so the percentage change in wave-length 
or frequency per degree is given by 


as 


log (max. cap.)—log (residual cap.) 


100b= 1.563 48 - —— 


(26) 


The percentage of wave-length change in 
the case of the example given here is 0.731 594 
per degree (Fig. 20). 


There is no need to remind the reader of 
the advantages of a condenser giving this law 
of wave-length variation in cases of tests and 
comparisons requiring equal percentages of 
detuning from exact resonance and these 
notes would not have been complete without 
its inclusion. 


Conclusion. 


In conclusion it is thought that a summary 
of the formule and their constants will prove 
useful and these have therefore been tabulated 
on the next page in a form which facilitates 
comparisons of the three chief laws. This 
tabulation is headed by true scale drawings 
of the plate shapes and their capacity curves 
and it should be noted that the three plates 
have the same total area. 


It is hoped that this table will prove 
useful as a reference guide since it provides 
in a condensed and convenient form the 
information required by those ‘concerned 
in condenser design. 
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TABLE GIVING A SUMMARY OF FORMUL4 AND THEIR CONSTANTS. 


PLATE DESIGN FOR CONSTANT 
PLATE DESIGN POR CONSTANT PLATE DESIGN FOR CONSTANT 


Ties ore o o eee PERCENTAGE CHANGE OF WAVE- 
A N HANGE, QUENCY CHANGE. LENGTH OR FREQUENCY. 


60 Bo, g 120 140 160 180 O 20 40 60 80 100 120 140 160 180 
0 
„=la ,6--b.)? —— een 
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„o b.j2— Residual! 4 mw ( I Residual : | 
E e +b) Capacity j aan’ A,=k | (a,0+6,)2 Capacity +K (180-9) A,=k ‘a 26.9 Residual Cap.) ive 
lu Jè = (2a; 113 
kh = [ 114.6 ) 2ka „(a 6+6,)+K | ] R,= [ mus! (a 46,3 K. | R,= [114.6! kabpddas p JE 
Constants— ' == Constants— 
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The Performance of Amplifiers. 


Jan., 1926 
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Paper read by Mr. H. A. THOMAS, M.Sc., before the Wireless Section, LE.E., 
on 2nd December, 1925. 


Abstract. 


! 

HE paper describes work carried out 
| for the Radio Research Board at the 

National Physical Laboratory. 

[n an introduction the term “ amplifier ” 
is specified as being applied only to a com- 
bination of components fulfilling the purpose 
of pure H.F. or of L.F. amplification, while 
an “ amplification system ” can be of any 
of the combinations: (A) H.F. with detector, 
(B) detector and L.F., (c) H.F., detector 
and L.F. stages. The performance of an 
amplifier must be expressed in terms of: 
(I) its voltage amplification, (2) its effect 
upon the circuit to which it is connected, 
(3) its distortion of wave-form. These 
properties are intimately related, but the 
amount of experimental wcrk carried out 
has been insufficient for an attempt to 
correlate any one property with any other. 


SECTION 1. 
The Measurement of Voltage Amplification. 


This section opens with a discussion of 
practical difficulties, pointing out, inter alia, 
that the determination of the amplification 
is of value only when the E.M.Fs. and 
currents are of the same order as those 
encountered in practical operation. 

Next is described the method employed 
by the author in making the measurements 
described in the paper. The outline of the 
apparatus is shown in Fig. 1.* 

The actual measuring instrument was a 
vibration galvanometer, in connection with 
a current transformer joined to a measuring 
valve. The input E.M.F. was derived from 
a step-down H.F. current transformer of 
the Dye pattern. To operate the vibration 
galvanometer this transformer output to 
the amplifier was modulated at I ooo cycles. 
The condition of complete modulation was 
determined by the auxiliary crystal circuit 
shown. On over-modulation, a second har- 


” The author’s original figure-numbers are used 
throughout this abstract. 


monic is easily detectable in the telephones, 
the point where it just vanishes being that 
of complete modulation. Fig. 3 (not repro- 
duced) illustrates the somewhat extensive 
switching system used to enable check of 
calibration, etc., and to apply the audio 
source alone as input for L.F. amplification 
measurements. In discussing the results 
obtained, curves of voltage amplification 
against wave-length are shown ; additional 
curves obtained since the original paper was 
written were also illustrated by slides at 


MODULATING 


VIBRATION 


CRYSTAL GALVANOME TER 


CIRCUIT 


~ 

Y LA © 
- ; 
= 2 


00000 


AUDIO 
OSCILLATOR 


~ AMPLIFIER 
E 
haj a 
| | 
l CURRENT 1 
J TRANSFORMER + 
Aapo THERMO — GALVANOMETER 
ISCILLATOR MEASURING 
VALVE 
Fig. 1. 
the meeting. In the curves for two 


apparently identical H.F. amplifiers, trans- 
former coupled, very different amplitudes 
are noticeable, the factor per stage in one 
case actually exceeding that of the valves, 
due to reaction effects which were increasing 
While in the other case they were decreasing 
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the overall amplification. A curve for a 
6-stage resistance capacity amplifier shows 
the known inferiority of this arrangement 
at shorter wave-lengths. As regards L.F. 
amplifiers, it is stated that several standard 
amplifiers were tested at I 000 cycles, and 
it was found that the overall amplification of 
several cascade stages was less than the 
product of the individual stages. A special 
2-stage amplifier was made up with mercury 
cups and links to permit ready change to 
either or both stages. Taken separately, 
the stages gave 21.9 and 19.65 respectively, 
these becoming 22.2 and 19.2 on cascading, 
or 426 for the two stages as against 433, the 
product of their two separated values. 
The gain of 1 per cent. on the first stage 
is attributed to reaction effects back to a 
weak input, the loss of 2 per cent. on the 
second stage to the input being no longer 
sinusoidal. The effect of H.T. condenser 
and of separate batteries is also discussed, 
it being stated that separate L.T. batteries 
produce an increase of 4 per cent. 


SECTION 2. 
The Input Impedance of an Amplifier. 


It is first pointed out that the effect of 
the amplifier upon the tuned input circuit 
is twofold :— 


(A) To increase or decrease its effective 
resistance, due to power taken from 
(or delivered to) this circuit by 
the amplifier. 

(B) To alter the tuning of the circuit due 
to the shunt capacity of the input 
circuit of the amplifier. 

After discussing the difficulties of alter- 
native systems of H.F. measurement, the 
use of a resonance method is described. 
The test circuit was kept constant and the 
input frequency varied, the supply oscillator 
being carefully calibrated and its variable 
condenser controlled from a distance of 
several feet. Expressions are given for 
calculation of decrement, and curves of 
decrement against wave-length are shown 
for three different values of tuned cir uit 
inductance 126 H, 654nH and 1930HH. 
Each curve shows the decrement for several 
different settings of reaction control, those 
for the 126uHH coil revealing a hump about 
505 metres, due, it 1s stated, to absorption 
at the natural wave-length of a very loosely- 
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Fig. 9. 


coupled aerial tuning coil which formed part 
of the tuner panel. The decrement of the 
tuned circuit alone is also shown, this . 
having been separately determined, without 
the amplifier. From these curves the total 
effective resistance of the circuit was deter- 
mined, and illustrated by curves, from 
which in turn the effective added resistance 


Resistance, in ohms 


1200 


600 800 1000 1400 
Wave-length, in metres 
Fig. 12. 
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(positive or negative) due to the amplifier 
was ascertained. Typical curves are shown 
(for the 654nH coil) in Figs. 9, 12 and 15. 

A theoretical treatment of these results 
follows. The load due to the amplifier is 
shown to be equivalent to a series resistance 
and capacity joined across the tuned circuit 
condenser. From a vector diagram expres- 
sions are derived for the calculation of the 
added resistance, tables showing theoretical 
and experimental values in good agreement. 
It is concluded that the capacity term of the 
amplifier load remains constant at all 
frequencies and values of tuning inductance, 
while the resistance term differs for various 
values of L as follows :— 


t 
| L. uH R. ohms. | 
[rokego menato ‘aa 
126 | 20 800 | 
654 | 87 600 | 
I 930 | 249 000 | 


The vectorial treatment is then expanded 
to meet the case of reaction, and it is shown 
that this can be expressed in terms of the 
known theoretical conditions, 7.e., the elec- 
trical constants of the anode circuit and its 
mutual inductance to the input. 


SECTION 8. 
Distortion in Audio-Frequency Amplifiers. 


It is stated that error in measurement 
of amplification is likely if the wave form 
departs from sinusoidal (as was mentioned 
in Section I, in connection with the two 
stage L.F. amplifier). The vibration gal- 
vanometer measures the amplification of 
the fundamental, while an R.M.S. measure- 
ment includes the energy in harmonics 
that may be present. For this, and other 
reasons stated, it was necessary to establish 
the type of wave given by an amplifier 
under various conditions with a sinusoidal 
input. (The input was photographically 
verified to be of sinusoidal purity.) The 
former 2-stage amplifier was used, but 
distortion was found to be so great that 
one transformer only was used, while the 
author emphasised that the transformer 
was of the best possible make. Wave-forms 
at between 130 and 300 cycles were obtained 
with an Einthoven galvanometer and high- 
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Experimental 
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800 1000 1200 1400 


Wave-length, in metres 
Fig. 13. 


speed paper camera. For the higher fre- 
quency of I 000 cycles (as used in the amph- 
fication determinations), a cathode rav 
oscillograph was employed. The exciting 
source was also used to supply the time 
scale to the oscillograph, the resultant 
Lissajou figures being photographically 
recorded on bromide paper and analysed 
into simple wave-form figures. The most 
important curves of wave-form at both 
130 and 1000 cycles are illustrated, and 
details of the Fourier analysis of the forms 
illustrated are given in a table. 

Many of the forms show severe distortion 
due to harmonics, even with —4 volts 
grid bias, although it is stated that with 
—2 or —4 volts grid bias the output was 
never great enough to give a grid current. 
Although more experimental work is still 
necessary to confirm the general conclusions 
so far obtained, these can be stated. (i.) In- 
creasing output modifies wave-form seriouslv. 
In general harmonics increase in magnitude 
far more rapidly than the fundamental. 
(ii.) As frequency is lowered, distortion 
becomes much more serious. At 150 cycles 
the fundamental may be almost completely 
eclipsed. (iii.) The effect of negative grid 
bias is to reduce the magnitude of the second 
and third harmonics and to introduce small 
harmonics of a higher order. From con- 
sideration of the ratios of the actual peak 
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to the peak of the fundamental component 
and to the peak of a pure sine wave of the 
same R.M.S, value, it is shown that there is 
a definite distortion leading to an error of 
IS per cent. which apparently cannot be 
removed by reducing the signal amplitude. 
It is suggested that this is probably due to 
the normal D.C. anode current component 
in the transformer primary. The author 
finally concludes that the general obser- 
vations point to peak values giving the 
chief measure of output sound effect upon 
the human ear, which mav lead to modi- 
fication in our measurements of signal 
intensity. 


Discussion. 


A lengthy discussion followed the reading 
of the paper. The discussion was opened 
by Prof. C. L. Fortescue, who thought 
that difficulty might arise from the extensive 
switching used (as stated in the paper) 
for check of calibration. He also doubted 
the efficiency of the screening arrangements 
described and questioned the amount of 
distortion quoted by the author. 

Mr. L. B. Turner doubted the wisdom 
of the vibration galvanometer, which he 
agreed to be sound for L.F. measurements 
but not for H.F., for which purpose he 
expressed preference for a valve voltmeter 
(¢.g., Moullin). He also questioned the 
amount of distortion, which he attributed to 
grid current or to unsuitable voltages. 

Mr. Willans contributed remarks which 
were rather by way of a separate communi- 
cation than a criticism of the author's paper. 
He described a bridge method of measure- 
ment, which permitted determination of 
both amplitication and phase. Two diagram 
slides were shown (with formule for cal- 
culation), and several result curves. At the 
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end of the meeting Mr. Willans gave a 
demonstration of his method. 

Mr. J. Hollingworth outlined the origin 
‘of the method described in the paper, and 
referred to the N.P.L’s. need for a method 
of standardising amplifier measurements. 
The vibration galvanometer he regarded 
as the most suitable arrangement available, 
while admitting it was not perfect. 

Major A. G. Lee dealt with the measure- 
ment of decrement, with relation to the 
determination of input impedance. 

Col. Edgeworth spoke on distortion, 
suggesting that experiment was necessary 
to find out how much distortion was due to 
the transformer. 

Mr. P. K. Turner dealt with H.F. measure- 
ment and input impedance. He also spoke 
of the distortion quoted in the paper, which 
he suggested might be due to inadequacy 
of valve characteristic. 

Dr. R. L. Smith-Rose referred to the 
need for a method of testing the overall 
characteristics of a wireless receiver to bring 
such measurements into line with those 
which the N.P.L. already performed for other 
branches of industry. 

The author briefly replied to the main 
points raised in the discussion. In particular, 
he defended the use of the vibration gal- 
vanometer, and pointed out that the 
switching arrangements were only in use 
for the measurement of amplification not 
for input impedance. The connections made 
were such that the grid and filament were 
always connected to the same points for 
all the tests. He also emphasised that 
in the cases of negative grid bias quoted, 
no grid current flowed to account for the 
distortion shown in his wave-form curves. 

On the motion of the Chairman (Major 
B. Binvon), the author was cordially 
thanked for the paper. 
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Experimental Radio Station GZDX. 


eet 


Fig. 1. 


The go-metre 
transmitter. 


Short-wave Transmitting 


and Receiving Work. 


á | “HE earliest investigations of the possi- 
bilities of short-wave transmission 
were carried out by the writer in the 

winter of 1920-21, when the first of a series 

of transmitters was built and operated on 

a wave-length of 30 metres. 

An exceedingly useful amount of data 
was obtained which has proved invaluable 
in later days, although, of course, it was not 
possible to collect any information on the 
signals from long-distance sources, as the 
Atlantic remained unconquered in the wireless 
sense at this date. 

It is interesting to note that in these early 
experiments harmonic excitation of a large 
aerial was used and the receiver employed 
a single valve loosely coupled regenerative 
circuit much on the lines of the present 
arrangements. The greatest distance at 
which short-wave signals were observed was 
about 15 miles, and owing to their extreme 
weakness at this distance compared with 
I 000 and 440 metre signals [sic], the opinion 
was formed that the utility of these short 
waves was confined to the laboratory. This 
is interesting and even humorous in the light 
of present events. 

A non-technical description of the present 
receiver and various transmitters, 


which - 


By W. K. Alford. 
[R625 


General view of the 35-metre transmitter. 


Pigs 2. 


have been developed during the Jast twelve 
months, is appended, together with illus- 
trations. 


Power Supply for Transmitters. 


Power for all purposes is derived from 
supply mains at 250 volts 50~ of particularly 
poor sine form. This is stepped up to 
3 000 volts through a Zenith transformer for 
anode supply and stepped down to 30 and 
15 volts by other transformers for filament 
lighting. Full-wave rectification of the high- 
tension output is obtained through the 
now famous Amrad “S” tubes—two in 
series operating on each side of the centre 
tap of the transformer. This is necessary 
owing to the unfortunate limitation of the 
tubes to I 000 Volts. 
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The rectified output is then smoothed by 
two Igranic I/C chokes of 2H in each lead 
and bridged by two condensers, banks of 
13 and 4pF being “connected across the 
input and output respectively of the chokes. 


The 90-metre Transmitter. 


This transmitter (shown in Fig. 1) has 
now been dismantled to make way for the 
45-metre transmitter described later. It 
served a useful purpose in being the first 
transmitter built by the writer to enable 
communication to be maintained over dis- 
tances of many thousands of miles. 

It was originally of the simplest character, 
employing the well-known coupled Hartley 
form of oscillator, and delivered about 2 
indicated amperes into an 8-wire cage 
antenna 70 ft. long working just below its 
fundamental wave-length. 

The large valve is a Marconi-Osram T250 
and the smaller one at the right a DETI, 
which later performed the feat of reaching 
Australia on an input of 66 watts. The 
inductances are wound with 6 S.W.G. copper 
wire and the various other items are easily 
recognisable. 


The 45-metre Transmitter. 


This transmitter evolved itself from the 
skeleton remains of the go-metre trans- 
mitter described above. It employs the 
master oscillator circuit, which seems to be 
only little investigated by amateur workers. 
The circuit is given in Fig. 3, and a general 
view in Figs. I and 2. 

The power amplifier is a Marconi-Osram 
T450A, the filament of which consumes 5 
amperes at 17 volts; while the drive, or 
master, oscillator is a T250 of the same make. 
The inductances, other than that in the 
drive circuit, are wound with phosphor- 
bronze strip of heavv gauge, and the variable 
condensers tuning the various circuits are 
made bv the Igranic Co., and are all mounted 
cn plate glass—a feature of which the 
necessitv was not fully realised until it was 
tried, 

It mav appear that the 250-watt valve, 
acting as the master oscillator, is unduly 
large but it seems that on these short wave- 
lengths plenty of “drive” is an absolute 
Tecessity, 

The question of “blanking” stray H.F. 
currents at these frequencies by means of air- 
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cored chokes cannot be overstressed. These 
chokes must be inserted in all filament leads 
and in the actual supply mains themselves. 

A series of experiments is being carried 
out at the present time with this transmitter 
using crystal control of frequency. The 
DETIA valve seen at the right is actually 
used as a power amplifying stage for this 
purpose. Up to the time of writing con- 
siderable success and a great deal of interest 
have been derived from these experiments, 
but great difficulty has been encountered 
in controlling powers of over 50 watts input. 


HT. 
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Fig. 3. 
"The circuit arrangement of the 45-metre transmitter, 


It is hoped to give details of these 
experiments at a later date, when the matter 
has been more fully investigated. 

No trouble has yet been experienced owing 
to the failure of valves at these high fre- 
quencies. Itis, of course, essential in valves 
where the anode lead comes up from the 
pinch through a re-entrant tubular space 
to keep this lead well clear of the glass, and 
I believe that in certain professional circles 
an “ electrostatic balancing ring’’ surrounds 
the top of the valve. This, being connected 
to the anode, avoids any serious concentra- 
tion of the field, which is the chief factor 
causing puncturing of the glass of the valve. 


The 20-metre Set. 
A general view of the 23-metre transmitter 
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is shown in Fig. 4 and as will be 
seen is in a state of extreme experi- 
mental untidiness. At the time the 
photograph was taken work was 
being done on the application of the 
master oscillator to this wave-length, 
this valve being a DETr and the 
amplifier a T250. The DETI is 
rated at 40 watts and is t00 small 
“to control the normal input to the 


pr ur 
= 


T250; but in the case in point the power input 
to the amplifier was well under 100 watts. 
Considerable interest was attached to a 


circuit attributed to  Reinartz 
functioned extremely well on this set using 
12 ft. of copper tape above the set for an 
antenna and a similar length of heavy 
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Fig. 5. Circuit of 20-metre transmitter. 


which 
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(A4bove.) 
(Left.) 


The 23-metre transmitter. 
The receivers at 2DX. 


Fig. 4. 
Fig. 6. 


rubber-covered cable across the floor 
as a counterpoise. 

The circuit is quite well known and 
is given in Fig. 5. It will be noticed 
that the circuit is simplicity itself, and 
it is interesting to observe that the 
inter-electrode capacity of the valve is 
used as a series antenna-counterpoise 
capacity. 

This set gives an indicated antenna current 
of 2.2 amperes on 23 metres on the antenna 
described, and has been reported as giving 
good signals at 4 000 miles. 


The Receiver. 


A general view of the receiving equipment 
is shown in Fig. 6. The 2-valve instrument 
on the right was built when the difficulties 
of producing supersonic reception were 
encountered first and has a range of 5-70 
metres. The main receiver is a IO-valve 
supersonic which now functions perfectly 
down to 17 metres and gives very remarkable 
results on the 20-40 metre range. Loud- 
speaker signals of great strength have been 
obtained from New Zealand using a 2 ft. 
loop of 2 turns. Such results are not at all 
exceptional and any supersonic will repeat 
them if patience is used to overcome the 
apparent unwillingness of the instrument 
to perform on the first trial. 
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Short Waves for Long Ranges: A Review. 


By Capt. W. G. H. Miles, R.M 


[R401'24 


A Lecture delivered before the Radio Society of Great Britain on Wednesday, 25th November, 1925. 


HEN ycur Society honoured me 

W with an invitation to lecture to- 

night, I had intended to give you 
some rambling reminiscences of the various 
uses to which wireless has been put in the 
Navy since the days ot Trafalgar. 

I was told however that you would 
prefer something more up to date. l 

I am therefore attempting to give a 
broad review ot the prcgress made in the 
use of short waves for long range working 
since the war, together with an account of 
the reasons for their astonishing success. 

I do not profess to be an expert on the 
subject, and speak subject to correction. 

In his play, Back to Methuselah, Bernard 
Shaw says: “It's only the politicians who 
improve the world so gradually that nobody 
can see the improvement. The notion that 
Nature does not proceed by jumps is only 
one of the budget of plausible hes that we 
call classical education. Nature always 
procecds by jumps.” 

It Nature proceeds by jumps, so does 
wireless. The progress of wireless may be 
divided into three eras: (1) The Spark 
Era; (2) The Valve Era; (3) The Short 
Wave Era. 

In the first, the detecting apparatus—- 
coherer, magnetic detector, crystal detector— 
was crude and insensitive. 

In order to get the ranges required, spark 
transmitting plants of increasing power 
were installed, working on wave-lengths 
from 300m. upwards. 

Such apparatus was wasteful of power, 
and caused much interference with similar 
installations trying to work on adjacent 
wave-lengtlis. 

The second era dates from about 1914. 
The valve, invented by Fleming and deve- 
loped by de Forest, Round, Langmuir, Lichen, 
Reiss, ctc., worked a revolutionary change. 

By its use one could emplov more scientific 
methods in reception—amplitication and re- 
action. Consequently receiving gear could 
be made more selective, receiving acrials 


could be reduced in size, transmitting power 
could be reduced, and full use could be made 
ot C.W. transmitters—Poulsen arc, high 
freauency alternatcr, transmitting valve— 
which are more economical in power and 
permit of closer spacing of transmitting 
wave-lengths. Wireless direction finding 
became a practical proposition—a great 
boon to navigation. A pertect transmitter 
was made available for speech and music, 
so opening the way for the modern broad- 
casting. 

The third era—that of short waves—dates 
from about 1922. 

By short waves I mean those below room. 
These short waves have four outstanding 


: advantages for lcng range working :— 


The first is in economy of power. The new 
G.P.O. long-wave station at Rugby, which is 
designed to work to Australia, requires 
about roookW, whereas the short wave 
beam station now being erected by the 
Marconi Company for the G.P.O., and 
intended for the same purpose, will require 
about 4okW, t.e., 4 per cent. of Rugby's 
power. 

The second advantage is the possible 
utilisation ot a totally virgin field of wave- 
lengths. 

Before the advent of short waves it was 
becoming most difficult to fit in any new 
channel of communication in Europe or 
America; most of the available wave- 
lengths between 300 and 30000m. were 
fully employed. 

It is now possible to open up new services 
in the unrestricted field below 100m. 
This field is not as narrow as it might appear 
at first sight. The necessary spacing between 
two waves depends, not on their wave-length, 
but on their frequency, and the shorter the 
wave the higher its frequency and vice versa 
—' the higher the fewer!” 

There is actually the same frequency 
difference between g and Iom. as between 
go and 30 000m. 

If therefore the use of short waves proves 
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as sucoessful as we anticipate, and if the 
band of really useful short waves is not too 
narrow, there should be enough for everyone 
for a good long time. 

It is as if a man living in an overcrowded 
house were to dig down through the floor of 
his cellar and find below another house of 
greater dimensions than his own. 

The third advantage ot short waves is that 
they can be concentrated in a given direction 
by the use of a reflecting screen. 

In order to reflect any ether wave, the 
reflector must have dimensions of the same 
order as that of the wave being reflected. 
This process is, therefore, only applicable to 


short waves, as long waves are put out of. 


court by the size of the reflector they would 
require. 

The fourth advantage is that atmospherics, 
the world over, are far weaker on short 
waves than long ones. 

A property of short waves when directed 
upwards—of leaving the surface of the earth 
near the transmitter and coming down again 
very much farther off—is an advantage when 
you know the position of the receiving 
station—since you can avoid interfering 
with intermediate stations—and a disad- 
vantage when you don't, as in the case of 
communication to a mobile station. 

Very short waves, of the order of centi- 
metres, were used by Hertz in his pioneer 
experiments, and he also used a reflector to 
polarise them. 

After that they were neglected for signalling 
purposes till 1918. Military authorities of a 
foreign country were testing them for the 
purpose of giving communication over a 
range of about 20 miles while being inaudible 
at 40 miles. This purpose they achieved, 
but to the astonishment of everyone they 
were picked up again in a country 2 000 
miles away. : 

After the war the amateur comes into the 


picture and, in my opinion, all wireless: 


engineers owe a tremendous debt to him. 

When bands of waves were being parcelled 
out for various services, the professional users 
were allocated all those thought to be of any 
value, while the amateur—at the end of the 
queue —was given the band below 220m. 
which no one else wanted. 

As a great concession, he was also given 
Iooom. for a time, as being the cnly 
one he could possibly get any range with. 
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It was thought possible that he might work 
from Balham to Peckham Rye, or even from 
Caterham to Gerrard’s Cross. Instead, he 
promptly starts signalling across the Atlantic. 

The sequence of affairs is roughly as 
follows: In December, 1921, an elaborate 
programme of transmission on 200m. 
by American amateurs was arranged, and 
read successfully in England at night only. 
The best reception was by an American, 
Mr. P. F. Godley, who erected a Beverage 
aerial specially for the purpose, in Scotland. 

In 1923 two-way night communication was 
established between U.S.A. and France and 
U.S.A. and England on 100m. 

In May, 1924, two-way night communica- 
tion between Buenos Aires (using 120m.) 
and New Zealand (using 190m.). 

In October, 1924, two-way night com- 
munication between England and New 
Zealand on gom. 

In May, 1925, two-way daylight communi- 
cation between England and U.S.A. on 23m. 


Fig. 1 shows pictorially the reduction in 
wave-length that has taken and is taking 
place. 

The foregoing is only a very brief summary, 
and to do justice to all the pioneer experi- 
menters would take me all night. 

It does, however, illustrate my point— 
namely, that of the rapid progress in inven- 
tion and technique which has brought us to 
the present position when practically every 
range on the earth's surface has been bridged 
in daylight, with power less than a kilowatt. 

I will now turn to professional develop- 
ments. 

After the war it was considered desirable 
to link up the Empire by wireless telegraphy 
to provide a service supplementary to the 
cables. 

The first proposal was that of the Govern- 
ment Committee presided over by Sir Henry 
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Norman in 1922: that was to link up the 
Empire in 2 000 mile stages, using long-wave 
high power stations, with stations in England, 
Egypt, Nairobi, South Africa, India, Singa- 
pore, Hong Kong, Australia, Canada. This 
meant that a message for Australia would 
be relayed via Egypt, India and Singapore. 

The Dominions replied that they would 
prefer to have larger stations and work direct. 

A Parliamentary Commission in 1924, 
under Mr. Robert: Denald, agreed to this, 
and the G.P.O. commenced the construction 
of Rugby, which will be opened before the 
end of the year; this station uses I oookW, 
has 12 masts 800 feet high, works on a wave 
of about 18 ooom., and costs about £350 000. 

Meanwhile Australia, South Africa, Canada 
and India entered into contracts with 
subsidiary companies of the Marconi Com- 
pany for the erection of corresponding high 
power stations. 

Suddenly, in July, 1924, Senatore Marconi 
announced that his short-wave experiments 
from Poldhu on a wave of g2m. had given 
him excellent communication with Australia, 
while darkness extended over the whole 
route, and had led him to believe that by 
using ultra high speed signalling, for which, he 
stated, short waves are particularly suitable, 
he would clear as much traffic during the 
dark hours as the long-wave stations would 
have done in 24 hours. 

The waves would be directed on the 
required bearing by means of a reflecting 
screen, so giving great economy in power 
and freedom from interference. 

In December, 1924, he further announced 
that using a wave of 30m. he had communi- 
cated to Montreal, Rio, Buenos Aires and 
Sydney entirely during daylight and without 
using a reflector. 

His most recent experiments (September, 
1925) showed that a wave of 15m. gave excel- 
lent communication with Rio by daylight, 
but that this wave failed during darkness. 

As a result of these experiments, all the 
Dominion contracts for high power stations 
were cancelled, and substituted by ones for 
short-wave beam stations. 

At the present moment beam stations are 
nearing completion in England as follows : 
At Bodmin a double transmitter for working 
to Canada and South Africa, with a double 
receiving station at Bridgwater; at Dor- 
chester with reception at Somerton for 
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working New York and South America ; 
at Grimsby with a double receiving station 
at Skegness for working India and Australia. 
All these stations are being paid for if success- 
ful by the G.P.O., and will be controlled by 
land line from London. 

It is interesting to note the cost of Rugby 
in comparison with the double stations at 
Bodmin and Bridgwater—the former costs 
£350 000 and the latter £55 000 per trans- 
mitter and receiver, or about one-sixth of 
the cost, and this would be lower still if 
all-round transmission were used instead of 
beam. 

The results of trials of these stations will 
be awaited with much interest. 

Numerous other long range services are 
springing up; for example: Paris to 
Djibouti—Madagascar to South America— 
Germany to South America—Holland to 
Java. 

Nauen has three transmitters: PORI3 and 
18m.; POW 28m., Sok W; AGA 26m., IOkW. 

A contrast to the optimism of the Marconi 
Company is found in an article by a French 
engineer in Radio Electricité, roth May, 
1925. He says :— 

“From the different results obtained in 
France and abroad we can affirm that short- 
wave stations of powers from IO to 20kW 
are capable of handling traffic at great 
distances, but only during certain strictly 
limited periods. 

“ Moreover, the possible duration of the 
traffic, as also the quality of the reception, 
itself vary from dav to day and from season 
to season. It has even been noticed already 
that results varv from one year to another 
on corresponding dates, doubtless on account 
of differing atmospheric .conditions. 

“Progress will certainly be made. The 
most recent trials on short waves of the 
order of 30m. allow one to hope that the 
daily duration of use will be increased by 
reducing the wave-length. Perhaps one 
may be driven to the use of short waves of 
difterent lengths according to the conditions 
of the time and atmosphere. However 
that may be, one cannot hope that this new 
development will allow in the near future 
of a permanent long range traffic during 24 
hours a dav throughout the year.” 

The above article was however written 
six months ago, which is a long time in 
these days of short wave development, but 
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I believe this view that short waves will only 
be useful to supplement the service provided 
bv long range high power stations, is shared 
by American radio engineers. Time and trial 
alone can show whether their eccentricities 
will prevent their use in entire substitution 
of long waves for long range working. 


The next question to be considered is : 
In what wav is the technique of short 
waves different from that of long ones ? 


In the transmitting circuit every precaution 
must be taken to keep the wave-length 
constant, and to avoid undesired capacity 
effects. All connections must be rigid and 
well spaced. A master-oscillator circuit of 
some sort must be provided, as the valve 
cannot be allowed to oscillate the aerial 
direct. Fig. 2 shows a typical circuit. 


R.F 
FEEDER 


PLATE SUPPLY 4 


Fig. 2.8 


A typical short wave transmitter, 


C, C, grid and anode stopping condensers ; 
C, Cy hlament by-pass condensers ; Cs grid 
tuning condenser; C, anode tuning con- 
denser; L, L, grid and anode coils ; R.F.C. 
radio-frequency chokes. 


The aerial itself is treated in a different 
way, In that account is taken of its length 
in proportion to the wave-length it is desired 
to transmit. 

In the case of long waves, one hangs up 
an aerial, as high and as long as one can, 
ascertains Its natural wave-length, and then 
loads it up with inductance till it is tuned 
to the desired wave-length. 

In the case of short waves, however, the 
aerial is carefully measured and cut till it is 


? H. W. Williams, Q.S.T., July, 1925. 
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some sub-multiple, e.g., 1, 4, 1, etc.—Oof the 
transmitted wave-length. 

Very often the aerial is a rigid metal rod, 
as in the case of the American broadcasting 
station KDKA. 

Fig. 3 illustrates one aerial that was 
described in the American journal Q.S.T. 

The “ driver” circuit is the one illustrated 
in Fig. 2. 

The length of the horizontal portion of the 
aerial is exactly 4A, and the aerial will 
oscillate as shown with a potential node and 
current antinode in the centre. 
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SHUNTED LAMP 


C.P 


ANTENNA 


ZERO VOLTAGE ~=. 
(NODAL) POINT 


DRIVER 


SIII II ITA TITTION, 
Fig. 3." 
The lamp in the middle, being at an 


antinode of current, will light up and is a 
convenient means of indicating resonance. 


Receiving circuits may be of the simple 


tvpe—having a valve detector and note 
magnifier as in Fig. 4. 


| 


AMPLIFIER 


DETECTOR 


Fig. 4.¢ <A short wave receiver. 


Ca coupling condenser—two ĵ in. discs; 
C: tuning condenser; C, reaction control 
condenser; JL, 24 turns 3in. dia.; L, 34 
turns 3in. dia. for 20m ; Rg 2—10 megohms. 


* H. W. Williams, Q.S.T., July, 1925. 
¢ Circuit by Burgess Battery Co. 
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I will now turn to the question of why 
these remarkable results are achieved by 
short waves and not by long ones, and why 
such differences exist between the behaviour 
of various short waves. 

The reasons appear to me to be threefold. 


(a) The wave is directed upwards, and 
so travels round the world without 
expending energy in heating up the moun- 
tains, trees and clouds it would otherwise 
encounter. 

(b) The short wave is reflected from 
the Heaviside layer at a flatter angle than 
the long wave. 

(c) The short wave aerial is a better 
radiator of energy than the long wave one. 


These statements require explanation. 


Fig. 5. 


The fact that wireless waves get round 
the earth at all, instead of shooting off into 
space, is because they are partly guided 
round, following the surface of the earth 
and partly reflected round by the “ Heavi- 
side ” layer. 

The “ Heaviside ” laver is a layer of gases 
about IoOkm. above the surface of the earth, 
kept so ionised (t.e., rendered conductive) 
by electrons and ultra-violet rays arriving 
from the sun, that they form a mirror to 
wireless waves and will not allow them to 
pass through. 

You will notice that the distance of the 
layer from the earth (Fig. 5) is irregular, being 
farther away from the earth on the dark 
side, and nearer on the sunny side. 

The existence of this layer is denied by 
some authorities. In my opinion, if it does 
not exist, there must be a simuar layer with 
a different pet name if we are to account 
for 90 per cent. of the phenomena of long 
range wireless transmission ! 
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Now in the case of the ordinary aerial 
where the wave-length is long in comparison 
to its height, the majority of the energy 1s 
directed along the ground, and only a com- 
paratively small component upwards. 


Fig. 6. 


The “ earth-bound ” portion loses energy 
in every conductor it encounters, such as 
mountains, trees, ionised patches of air, 
etc., and generally gets very badly treated. 

The “ free”” (upward) wave is reflected back 
to earth again, and has a very much better 
path for its travel than the ground wave. 

Incidentally, at the point where it meets 
the ground wave again, one gets interference 
effects, which account for the well-known 
phenomena of “ Fading.” 

The short waves, however, can be made to 
bear a definite relation to the actual length 
of the aerial and when they do, it is found 
that the radiation is directed upwards at 


some angle, instead of horizontally. Figs. 
6 to II show the manner in which, 
ANTENNA 
EARTH 
A= 4L 
Fig. 7. 


Ae 2L 


Fig. 8. 


according to theory, energy is radiated from 
a vertical acrial on a perfectly conducting 
earth, at angles varving according to the 
relation the length of the aerial bears to the 
transmitted wave. 
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The theory that energv is reflected in an 
upward direction from a short-wave aerial 
is borne out by the fact that there is always 
(in all other cases except that of the quarter 


Fig. 10. 


wave-length aeria!) a zone in the neighbour- 
hood of the transmitter in which signals 
cannot be heard, which is presumably 
because they are passing overhead. 

This theory, shown in Fig. 8, leads one to 
wonder whether there is a best angle for the 
energy to be radiated according to the time of 
day and range required and whether the ratio 


wave length 

aerial length 
should be arranged to give this angle. 

Moreover, in theory, the energy radiated 

at this optimum angle can reach a high 
value compared to the energy emitted by a 
vertical aerial energised on its fundamental 
wave-length. 


Thus, on the third harmonic, the energy 
radiated at an angle of 47° is one and a-half 
times that radiated horizontally by a vertical 
aerial oscillating at a } wave-length ; on the 
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fifteenth harmonic, the energy, radiated at 
an angle of 72°, is four and a-half times 
greater than the radiation on the funda- 
mental wave. 

My statement that the Heaviside layer 
forms a reflector requires some qualifi- 
cation. 

It is not a sharp clear-cut conductor, but 
a gas whose conductivity at any point 
depends on the number of electrons momen- 
tar‘ly free of an atom. 

The difference between a conductor and 
dielectric is a matter of degree, depending 
on the number of free electrons present. 

This is particularly the case with a gaseous 
conductor. 

Mr. Reinartz' theory is that while a long 
wave will be sharplv reflected off it and attain 
only a short range, another shorter wave 
may penetrate a little way and go off at a 
different angle, or be only refracted (bent 


MMM. 


POLE 
Fig. 12. 


Signals can be heard in areas X and Z, notin area Y. 


from its course) a little, and thus come back 
to earth farther off than the longer wave. 

A useful, though not quite accurate analogy 
for the varying penetration of different 
wave-lengths into the Heaviside layer, is a 
spinning bicycle wheel : if you throw a tennis 
ball at it, the ball will glance off, whĉreas if 
you fire a bullet at it the bullet may pass 
through without touching a spoke. 

In Fig. 13 we have a ray of light leaving 
water vertically and entering air. It does 
this without being bent. If the light starts 
at some slight angle, such as that of B 
in Fig. 13, it is refracted or bent as it leaves. 

If it comes up through the water at a 
still flatter angle as D in Fig. 9, we shall 
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get complete reflection, in which the angles 


I and R are alike. 


Well, it may 'be that the shorter waves 


by penetrating farther into the Heaviside 
laver are either reflected or refracted on 
at a flatter angle than the longer waves. 


A, AIR 
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Fig. 13. 


The third point deals with the radiation 
efficiency of an aerial” 

Of the energy put into a transmitting 
aerial, some is expended in useful radiation, 
and the remainder in warming up the aerial 
and earth systems, neighbouring conductors, 
and poor dielectrics. 

The higher we can make the ratio 


energy radiated _ 
total energy supplied 


the more efficient is our aerial as a radiator 
and the less the power required. 


WASTED WASTED 
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Fig. 14. 


In other words, we want a high “ radia- 
tion resistance ”—a term denoting the ability 
of the aerial to radiate energy—and a low 
“loss” resistance due to aerial and earth 
conductors, etc., etc. 

The radiation resistance of an aerial 
emitting a wave (A) much longer than its 
height (4) is given by the expression 


Raa = 1600 (+ i 
a) 


Thus an acrial 20m. high working on 
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a 450m. wave-length would have a radiation 
resistance of 3.1 ohms, while if it were 
tuned to 800m. it would only have a re- 
sistance of I ohm. 

In the case however of aerials whose 
height is of the same order as the wave- 
length employed, the radiation resistance 
Increases enormously: e.g., an aerial of 
height 15m. tuned to transmit-a wave-length 
of 30m. would have a radiation resistance 
of 160 ohms, and a radiation efficiency of 


about ŝo per cent. 


You therefore get much better value for 
your money. 

One would have thought that even before 
the merits of short waves were known, 
there would have been an ugly scramble 
for the shorter waves, on account of their 
greater efficiency of radiation, as shown by 
the above formula. 

Against this must be set the fact that in 
the case of waves, the majority of whose 
energy is directed horizontally, the daylight 
losses are much greater on short wave- 
lengths than long ones. 

Again, before the merits of short waves 
for easy communication over long ranges 
were realised, it was thought that the greater 


“the range, the greater must be the power 


put into the aerial, whereas it now would 
seem to be much more important to choose 
one’s wave-length correctly. 

Big powers mean big aerials to handle 
the power; and big aerials mean long 
wave-lengths. Hence the wave of 18 000m. 
used by Rugby and that of 18940m. 
used by Bordeaux. 

The whole trend of wireless practice up 
to last year was in the direction of high 
powers, long wave-lengths, and elaborate 
measures to keep down resistance losses. 

Since we hear so much nowadays about 
the beam system, I will now turn to the 
means used to focus short waves into a beam. 

Any ether wave can be focused into a 
beam if the right sort of reflector is used. 

In the case of the wireless beam the re- 
flector takes the form of a number of wires 
hung up behind the transmitting aerial. 

The shape of the reflector in plan may be 
either parabolic or straight. 

The wires constituting the reflector are 
each separately tuned to the transmitting 
wave. 

When the transmitting aerial is energised 
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it sets all the wires of the reflector in oscilla- 
tion, and the resultant radiation from them 
reinforces that of the transmitting aerial 
in the required direction, while behind the 
reflector and to the sides there is a little 
radiation. 


A 


Fig. 15. 


A parabolic reflector is not very convenient 
for long range working, in that it is hard to 
get into one short aerial all the energy one 
wants. 

It is more convenient to put up a number 
of aerials in a row, Fig. 18, feed them in 
parallel, and give each a rear rank man 
to act as a reflector. 

These reflector wires concentrate energy 
in one direction at right angles to the 
plane of the aerial—and annul it in the 
opposite direction. 

The aerial wires have no tendency to 
radiate in a direction in line with themselves, 
by reason of the way in which they are 
spaced. 


Fig. 16. 


This is the form of aerial being adopted 
by the Marconi Co., both at their transmitting 
and Teceiving stations. 

I will now drop theory, and turn to two 
most dramatic instances of the uses to which 
short wave can be put. 


29 Jan., 1920 


The first is that of the Rice Expedition. 

This was an expedition led by Mr. Hamilton 
Rice, an American explorer, up the River 
Amazon at the beginning of this year. They 
took with them two wireless experts—Mr. 
J. W. Swanson and Mr. MacCaleb and a 
complete wireless telegraphy outfit. 

To quote from The 
Geographical Journal 
for March, 1925 :— 

“ About the middle 
of January Mr. Gerald 
Marcuse of Caterham 
began to pick up morse 
signals from the Ex- 
pedition in the early 
morning, and learned 
from an amateur in 
New York that Mr. 
Swanson was receiving 
his signals from Cater- 


ham. At 6 a.m., on 

the morning of 19th 

January, Mr. Marcuse 199 
was called up by WJS Fig. 17. 
and got into easv 


communication : at that date Mr. MacCalcb 
reported that they were also in touch with 
New Zealand. 

“On 6th February, we received, by the kird- 
ness of Mr. Marcuse, the following message :— 


Fig. 18, 


“No. 1 words 68 via WJS and 2 NM. 
Main party arrived at junction URARI and 
URARICAPARA rivers 19th January, lat. 
3° 22’ N. 61° 55' W. progress slow, owing 
to extremely difficult physical conditions. 
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“* Personnel expedition numbers over fifty, 
good food, and cargo-relav transport work- 
ing efficiently. Unable use hvdroplane at 
present due low water, objects expedition 
being attained. Al well. This message 
sent by exnedition’s own wireless. — RICE.’ 

“Mr. Marcuse kindly undertook to transmit 
a reply, and after a failure on 7th February, 
owing to atmospherics, was able to get 
through at 6.30 a.m., on Sth February. . . 

“The station WJS. at Boa Vista is 
using a Delco lighting set of gas-engine, 
dvnamo and accumulators, from which 
they run a motor-generator. The wave- 
length was 81m. 

“Thanks therefore to the skill and energy 
of Mr. Marcuse on this side it was established 
that an expedition 5 000 miles away in 
ditticult conditions can from time to time 
report to us its progress in the field. . li 

l may point out that had this expedition 
been in trouble it would have been possible 
10 organise a relief expedition, on receipt 
ot a request for help, by this route: and 
that not only would a long wave outfit have 
faiied to get through at this range, but 
probably would not have got through to 
the nearest civilised town—at any rate 
using a long wave set light enough to be 
taken with the expedition. 

A parallel instance is that of the wireless 
communication which has been maintained 
on short wave with the American Macmillan 
Polar Expedition ships Bowdoin and Peary. 
These ships off Greenland, have been read 
in the U.S.A., Mexico, Canada, England, 
France and Holland. On 37m. traffic 
was handled and Government messages 
passed by night. Daylight communication 
has also been effected on 20m., 16m., and 8.7m. 


Traffic has actually been exchanged be- 
tween the Peary and the U.S. fleet when 
ott New Zealand. 

A perfect channel of communciation has 
thus been provided by short wave, and this 
could not have been done in any other way. 

In concluding I wish to state that the 
fighting services take a very keen interest 
in what you amateurs are achieving, 
especially when vou record, analyse and 
publish your results. 

All wireless engineers are trving to find 
cut the possibilities of these short waves, 
and also their hmitations. 
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It is only by numerous observations and 
accurate analysis of results that the laws 
governing their behaviour wil be learnt. 
Accurate reports are needed, not only of 
when you do get through but also when 
you expect to get through and don't. 

I know that when vou have sat up all 
night trying to get someone in Kamschatka 
or One Horseville, Slosh, and at last succeed, 
you don’t feel like sitting down and writing 
a long account to your Secretary about it. 
Unless that is done, however, half your 
work is wasted. 

Try and evolve a theory of your own 
of what these short waves are doing and then 
set in and prove it. 

The work of vour Societv and of its kindred 
societies in other countries, is something 
unique in the history of the world. 
` Men of different races are speaking to 
one another in a common ĵargon across 
half the circumference of the earth. 

Who knows but that it may be one step 
towards promoting a better mutual under- 
standing between nations, and towards 
the universal peace which we all—even we 
professional “ hired assassins’’—desire. 


DISCUSSION. 


Admiral Sir Henry Jackson: We are very much 
indebted to the author for his very instructive, 
historical and entertaining lecture. Certainly its 
delivery was almost perfect. He has not only given 
us the historical side of the progress of waves of 
ditterent length but he has also given us a com- 
parison between the obsolete or long wave high 
power transmission and the modern short wave low 
power transmission, and he has shown the advan- 
tages and disadvantages of each. I should like to 
criticise one point, because I do not think it is quite 
fair not to state that the long wave has not got those 
blind spots which at present exist in short wave 
transmission, and that is an Important point. The 
long wave is not aftected so much by its refraction 
at the Heaviside layer as the short waveis. Captain 
Miles has also given us a very clear description of 
the Heaviside theory, which is generally accepted 
now, I think, by the majority of scientists and 
certainly by practical men, although there is a 
minority which does not agree. The Radio Re- 
search Board, of which I am Chairman, have really 
set themselves systematically to study this question 
and to try and tind out more about the Heaviside 
layer, whether it is refraction or reflection, etc., and 
if the height varies at ditterent times with different 
wave-lengths. The Radio Research Board have set 
out to do this systematically, z.e., we have got the 
best instruments we can get; photographic records 
are to be taken so that there can be no human error 
due to the ear to vitiate the results. Therefore you 
can imagine that I have listened to this lecture with 
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very great pleasure and interest. We have heard 
of these blind spots jumping hundreds of miles here 
and thousands of miles there, and to have observers 
at all these places would mean two or three hundred 
and the Government would be rather against pro- 
viding money for that purpose. We are thercfore 
limiting ourselves to one thing ata time. We have 
done directional work and we have done long 
distance transmission. We are now doing broad- 
cast wave-lengths and doing this work systematic- 
ally, but we want to work down to the short wave- 
lengths. That will take some time and it will mean 
more observers. The author has mentioned the 
orgamisation in America and has given us some of 
the results they have obtained there. I was hoping, 
and I do hope, that the amateurs in England will 
give us some help. I have just been speaking to 
Mr. Marcuse and he tells me he is getting out some 
results, and if we have other results we shall be 
able to put them all down and deal with them at the 
same time and have them most carefully studied. 
In that way, we hope to get a good deal of informa- 
tion and that will be like having a very large 
increase in our statf. Therefore, I appeal to those 
who systematically receive short waves to send us in 
their results giving the different distances and times 
and whether the signals can be relied upon when 
they are being sent. That is the important point, 
to find out if there is much fading of the signals and 
also whether there are blind spots and whether they 
are at distances of 40 or 50 miles or distances of 
3 200 Or 300 miles. Information of that sort will 
be very useful. I will not worry you with my own 
experiments. I have been gradually working down 
to these short waves from waves of 200 or 300 
metres during the past 18 months and it is very 
interesting work. I have found that the length of 
the aerial has a great deal to do with the reception 
as also has the type of valve, but the four-pin valve 
is all right. In conclusion, I would again say that 
we are verv grateful to Captain Miles for his valuable 
paper. 

Mr. L. F. Fogarty: The lecture, although it has 
been extremely interesting, is not of a very con- 
tentious nature. At the same time, one is entitled 
to feel very proud of the work of amateurs, as the 
author has said. I am afraid I cannot contribute 
anything useful by way of discussion and can only 
thank the author for his paper. 


Mr. Gerald Marcuse : I am sure it has been very 
interesting listening to Captain Miles’ description 
of short waves, what they do, how they go and how 
we get them. I am afraid none of us know very 
much about them yet and probably before 12 
months are gone what we have been doing will all 
be obsolete. That is by the way. It is not many 
vears ago that I was delighted when I was able 
to communicate five miles. That was with the 
old spark. Now Iam very disappointed if I cannot 
do 14000 miles. There is one very important 
point which the author did not touch upon which 
seems to me characteristic of short wave work. By 
that I mean waves below go metres, and that is 
what I may call the concentration of energy or 
focus point of these short waves or high frequency 
oscillations. We have definitely established the 
fact that there is a concentration of energy or focus 
point somewhere near the Antipodes and within a 
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600-mile radius of Sydney, and one curious thing is 
that although the signal strength seems to reach its 
maximum at that point these signals seem to trans- 
mit and to be received best when there is bright 
sunshine in both spots. We have all imagined that 
the 45-metre wave—taking that figure as it is the 
one with which we have been working most—travels 
best at night and that in daylight we have to drop 
down to a lower wave-length. That is not quite 
the case when transmitting to the Antipodes and 
the best results I have obtained have been when 
there has been bright sunshine both at the Antipodes 
and at the transmitting station. Which way the 
signals go round I am sorry I cannot prove, but it 
is evident that they travel for the greater part in 
davlight and penetrate a certain amount of the 
dark belt. I think we have pretty well conclusively 
proved that it is a reflected wave. Whether it is 
off the Heaviside layer or another layer which is 
beyond, none of us have been there to see (laughter . 
We have arranged for stations to listen for our 
signals in America, and they report them verv 
weak, whereas Australia reports them as being verv 
strong, so that that proves they do jump and radiate 
vertically and then reflect off the layer at a suitable 
angle for Australia which is there over the heads of 
intermediate listeners. There is another point 
which we must not lose sight of, and that is that not 
many years ago we were warned off a wave-length 
of 1 ooo metres and then otf 440 metres, and it was 
said that the amateurs could have 200 metres 
which was no use commercially and never would be. 
Times have changed since then, and I am afraid 
that some of the large power stations will be 
obsolete before they are completed. But there is 
another more important subject, and that is the 
etiect of weather conditions on short waves. The 
cloud ettect seems to be very pronounced. You 
will find at one moment that the atmosphere seems 
absolutely dead and then all of a sudden it will 
come live again. During the past two or three 
Sundays at midday you could communicate with 
any part of England but at six o'clock and after- 
wards everything disappeared and you could not 
hear an English signal at all on 45 metres. On the 
other hand, the signals from Australia could be 
heard as loud as possible. That is a matter which 
no doubt we shall find out something about. 
Evidently the one fact well established is that you 
will not find a short wave below go which will 
cttectively communicate over long distances dav 
and night. We shall have to have two wave-lengths 
for the two purposes. ‘There is one rather curious 
phenomenon at the moment, and that is that at 
3 o'clock in the afternoon you can hear Phillipine 
Island's amateur and China morse loudly and 
during the winter months you can listen to distant 
amateurs all day long. Last year on go metres 
there was a distinct variety of audibility of amateur 
Stations in the Antipodes and on go metres it was 
impossible to communicate with Australia in the 
morning and with New Zealand in the evening. 
Now vou can do both morning and evening to 
Australia on 45 metres. Atmospherics do not attect 
us much in this country, Iam glad to say. Some- 
times they are bad but generally, taking the whole 
year through, we find ourselves fairly free from 
interference in this way. The author touched upon 
the subject of organisation of amateurs. I think 
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the International Amateur Radio Union is a 
wonderful organisation. Language forms no barrier 
at all, and although one may speak Hindu and the 
other English, we have a language of our own 
which we can communicate in and understand one 
another perfectly. I do not say that we can by 
word of mouth but by word of the key we can. 


Major A. G. Lee: I would like to say a 
few words on the closing portion of the paper 
im which the author made the suggestion that 
amateurs should record their results in a more 
methodical fashion. If we want to know what 
these short waves do, we evidently want to know 
more than the mere fact that communication has 
been established for a few moments between, say, 
South America and England ; we also want to know 
something about the wave-length, the mode of 
excitation of the aerial, the amount of power used, 
the readability of the signal, the amount of fading, 
etc. There are a number of variables and, if any- 
thing is to be sorted out of the results we get, all 
those factors which influence the result will have to 
be recorded and the observations tabulated. I do 
not know whether the Radio Society is undertaking 
such a work, but it seems to me that a really 
methodical investigation of the results obtained so 
tar would be a very suitable cap to crown the work 
already done by the amateurs in showing the possi- 
bilities of short waves. The author's explanation 
ct the Heaviside layer is very interesting, but there 
are some further points which might perhaps be 
added. The latest modern theories on the subject 
indicate that the magnetic ficld of the earth may 
have an etfect on the propagation of short waves 
It has been found, forexample, even with long waves, 
that magnetic storms have a very pronounced 
intluence upon propagation. The earth's magnetic 
teld enters into the mathematical expressions for 
propagation of short waves and it has a different 
citect upon propagation in cast and west and north 
and south directions. This is another variable 
which might enter into the records of the short wave 
results. Another point which has been suggested 
to me is that the amount of power used in the 
transmitter may attect the path taken by the wave. 
One of the modern theories is that the wave gets 
on to the top part of the atmosphere, as the author 
has described, and there it can aftect the free 
electrons or ions in the atmosphere —more probably 
free electrons—and therefore if the power in the 
wave is ditterent in two cases the effect on the 
electrons will probably be ditterent and the resulting 
cttect on the absorption of the wave in the two 
cases may be different. This suggestion has not 
vet been proved, but it is one of the points upon 
which observation is needed. 


Mr. G. G. Blake: Whilst listening to the lecturer 
a somewhat terrifying thought passed through my 
mind. Up to a few years ago while we amateurs 
have been conducting our experiments in trans- 
mutting we have had no idea that we had any 
control over the angle of projection. We have been 
sending these waves out at random and have got 
through. In the early days we were sending out 
iong waves and there were no blind spots. The 
author referred to himself of a “ professional hired 
assassin,” and it occurred to me that if he and the 
“other hired assassins ” had taken their gun practice 
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in the early days of gunnery in the same way, not 
knowing at what angle they were projecting their 
projectiles, it would have been a somewhat similar 
sort of thing but the results would have been 
disastrous. To get back to the paper, there is one 
thing which I should be very much obliged to the 
author if he would tell us. He showed us diagrams 
of transmitting and receiving connections for short 
wave work, but he did not give us any indication of 
what wave-length one could get down to with these 
connections. What is the lowest wave-length for 
which we can hope to use them ? 


Mr. F. L. Hogg: On the question of fading, the 
author suggests that this is due to interference 
between retlected and direct ravs. I should like 
to suggest that in connection with short waves this 
cause cannot alone be responsible for all the etfects 
we get, for it seems fairly definitely established that 
the direct ray is non-existent, in many Cases, 
when we get fading. More likely fading is 
due to the fact, as the beam theory suggests, 
that the surface of the Heaviside layer is 
not necessari!y uniform and therefore one would get 
portions of the same beam reflected at somewhat 
ditterent angles, and you therefore get varying 
interference in the receiver. The question of dead 
spots has been referred to. I know many will 
disagree, but personally I feel confident that a dead 
point on short waves does not exist. If we can get 
our aerials oscillating in such a manner that we get 
an almost vertical component on some short wave, 
say 20 metres, we can get our signals good at say 
20 miles, whereas if we have not got such a great 
angle of projection there will be a dead spot up to 
about 400 miles radius. The reason the dead point 
is usually found is that when we are wanting to 
communicate with long distance stations, the best 
arrangements for long distance are quite useless for 
short distance, and we have to alter the distribution 
of current in our aerials to get a signal at a nearer 
point. I conducted a series of tests on 20 metres at the 
end of 1924 and I received avery large number of re- 
ports, considering the time I was testing. At that 
time I was working ona very low aerial harmonic, and 
there was a considerable amount of vertical radiation 
and not so much in the horizontal direction, rela- 
tively speaking. I think the author is hardly fair 
to physicists such as Heaviside, because it seems to 
me that we have in his and other theories an almost 
complete explanation of short wave phenomenon. 
I am not at the moment considering the effect of 
weather conditions. If one likes to examine the 
exact polar curve in the vertical direction of one’s 
aerial, it is possible to predict to a very great extent 
at what points it will be audible and one can get 
a check reading of what height the Heaviside layer 
should be at any particular time. Certain tests 
which have been conducted bear this out. If you 
put up a quarter wave aerial surrounded by houses 
and masts you cannot expect to get a single vertical 
polar loop. The question of an alteration of power 
making a difference to the receiving end is, I think, 
one which will bear investigation. But when one 
alters the power one also alters, almost invanably, 
the distribution current in the aerial and when one 
is making such measurements as these it is necessary 
to be careful that the distribution current in the 
aerial is exactly the same as it was before. 
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Mr. H. Bevan Swift: I think that one of the 
greatest troubles we are going to have with short 
waves is on the reception side and not so much 
with the transmitting side. The waves are so 
sharp to tune that unless we know the whereabouts 
of the transmitting station we shall miss it and it 
is really up to the Radio Society rather than the 
Transmitter Section to try and perfect reception 
on the short wave band. A lot has been said about 
the Heaviside layer and no doubt that is one of 
the most complicated problems we have before us. 
When the late Dr. Heaviside discovered that layer 
he unfortunately failed to organise it so that we 
could know exactly where the ether waves strike 
and where they will rebound. That is a point we 
have to deal with and the fickleness of the Heaviside 
layer is going to be a great drawback to short wave 
work. There will be' other problems coming in, 
the problem of telephony and the modulation of 
short waves. All these things indicate the very 
large field which is open to experimenters to look 
into. I think the amateurs and experimenters of 
this country are highly to be congratulated on the 
very active part thev have played in short wave 
transmission and reception. 


Mr. P. R. Coursey : I cannot add much to what 
has already been said. We are all very much 
indebted to the author for his paper and the 
excellent way he has summarised the work that has 
been done on short waves, and it is very interesting 
to have one's mind drawn back again to the early 
transatlantic tests which at the time were such a 
struggle but which now seem such a commonplace 
matter. I should be glad if the author could eluci- 
date one point, and that is the much-debated 
question of the angle of projection of radiation. In 
the figures that angle was apparently referred to the 
ratio of L/A. I believe it has also been referred to 
the ratio of capacity to inductance in the aerial and 
attributed to the presence, or otherwise, of a series 
condenser at the base of the aerial and the propor- 
tion which that capacity bears to the effective 
capacity of the aerial. If the author can tell us 
anything more about that or elucidate the point 
a little further, I am sure we shall all be grateful to 
him. 

Captain Miles. replying to the discussion, said : 
We have had a most interesting discussion to-night, 
especially from men who have probably forgotten 
more about short waves than I have ever known. 
I entirely agree with Admiral Jackson that the long 
wave at present has a great advantage in not 
having any blind spots. On the other hand, the 
long wave has never really achieved the reliable 
communication that the short wave promises. We 
have never had a really reliable long wave service 
to the Antipodes. It has always faded out for some 
part of the 24 hours, and if short waves do not 
enable us to effect this continuous communication, it 
does not seem that anything will. This criticism 
of the short wave and blind spots may be got over 
by changing your frequency according to your 
range, as Mr. Hogg suggested. With regard to Mr. 
Marcuse and concentration near the Antipodes, 
I think his statement that the best signalling con- 
ditions for communication with the Antipodes is 
when both stations are in daylight shows distinctly 
that that is exactly the time when you have dark- 
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ness on the way across. Undoubtedly, I should say 
that communication on the waves used is etfected 
round the dark side of the earth. Mr. Blake asked 
what wave-length the receiver connections which 
I showed would go down to. I just took those 
connections as an example of good engineering 
practice. That receiver worked comfortably from 
20 to 80 metres by just changing the coupling coils. 
The two coils were 24 turns and 34 turns, 3-inch 
former, 10 D.C.C. wire, for 20 metres and you have 
more turns for the higher wave-lengths. I think 
you get uncommon difhculties when you go down 
to 5 metres. Both the transmitter and the receiver 
circuits are comparatively simple until you get down 
to about 12 metres and then you have to go in for 
a rather cunning device of push-pull circuits as 
described by M. Mesny in VOnde Electrique. Down 
to 12 metres any ordinary circuit does quite well 
provided you are careful to keep your wave stable. 
I should be very sorry to enter into a discussion with 
Mr. Hogg about fading. There are many theories 
about it and I am prepared to accept his alternative 
theory. I do not think I have been unfair to the 
early workers. I have given Van der Pohl’s diagram 
and the Heaviside layer theory and I have not been 
seriously criticised about them by the practitioners, 
such as Mr. Marcuse, and I think the scientists have 
been surprisingly accurate. I should like to call 
attention to one thing which rather shakes the faith 
of the practical engineer in pure theory. According 
to the empirical Austen-Cohen formula, which has 
been argued about in detail for years, the shorter 
the wave the worse it goes whereas I have been 
talking to you for an hour to prove that the shorter 
the wave the better it goes. No scientist ever 
suggested the possibility that waves below 100 m. 
could cover useful ranges until this was demon- 
Strated practically. I agree with Mr. Bevan Swift 
about the difficulties in reception. We are rather 
light-hearted in designing the short wave receiver 
when experimenting, but when it comes down to 
making a commercial instrument we shall have to 
go into the matter very cautiously and make 
receivers which cover a very small range of wave- 
length. The difference between 9 and 10 metres 
is the same frequency spacing as between 100 
and 30000 and no one would dream of designing 
a single receiver to cover 30 000 metres. You will 
have to split your receivers up in something lke 
this order: 9 to 9.5 metres, 9.5 to 10 metres and 
so on, and calibrate very carefully or you will miss 
the signal. 


Replying to Mr. Coursey, the diagrams I have 
shown, due to Van der Pol, are for a vertical aerial 
on a perfectly conducting earth. Under practical 
conditions, with asymmetrical capacity conditions 
or a roof aerial, the angle of emission will vary 
somewhat differently with the ratio L/A. I must 
thank you for a very patient hearing and I hope, 
speaking from a selfish rather than a professional 
point of view, that this meeting will have the ettect 
of getting men, say, like Mr. Marcuse, who know 
so much about it, to give us the benefit of their 
experience. 


: < 
On the motion of Mr. Carpenter, seconded by 
Mr. Marcuse, a hearty vote of thanks was accorded 
the author at the conclusion of the discussion. 
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The Rectification of Small Radio- Frequency 
Potential Differences by means 


of Triode Valves.—Part III. 
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By F. M. Colebrook, B.Sc., A.C.G.I., D.I.C. 


of the foot of the anode current—grid 
voltage characteristic. 


The general typeof circuit to be considered 
is that illustrated in Fig. 24. It is assumed 
that the applied negative grid potential i is of 
suitable magnitude to bring the “ state- 
point” of the valve into the lower curved 
part of the anode current characteristic. 


TELEPHONES f HT- 


OR OTHER 
LOAD 


E SIN ost 


Fig. 24. 


The nature of the signal E.M.F. and of the 
anode circuit load will be specified as each 
individual case is considered. 


16. General theory of the anode rectification 
of a continuous wave signal. 


In many applications of the thermionic 
valve the relationship between the anode 
current, the anode voltage, and the grid 
voltage can be expressed in the form of a 
simple straight line law. This is obviously 
not the case In the present application. 
There are, however, very good grounds, 
both theoretical and experimental, for 
expressing the more general relationship 
in the form 


ta = f (etia + pve) i (16.1) 


For the justification of this statement the 
reader is referred to The Thermtontc 
Vacuum Tube, by Van Der Bijl, p. 42 et seq. 
In the above eisasmall constant quantity (not, 
in this case, the base of Napierian logarithms), 


va and vg are respectively the anode and 
grid potential differences with respect to the 
negative end of the filament, and pis a 
constant for a given valve. It will be 
convenient for abbreviation to put 


(e + Ta -+ pve) = E, ee (16.2) 
Putting + for the change in ig due to a 
change ôE, in = 


t= òE f (E) + SENE s) + TTE) 
== ad inf. (16.3) 
where 
f(x) = = etc., etc. (16.4) 


It will be shown later that under the con- 
ditions of anode rectification and for values 
of dF, not exceeding 14 to 2 volts only the 
first two terms of the above series are 
really significant, and it will therefore be 
legitimate to adopt as the fundamental 
equation for the present analysis 


1= aE + a,5E3 (16.5) 
where a, = f(E,) (16.6) 
and a, = 3 f(E) (16.7) 


It should be noted that for given initial 
conditions both a, and a, are constant 
co-efficients, the magnitude of which can 
be determined from the static characteristic 
of the valve. The application of the above 
general equation will be found to make the 
analysis of the rectification process in any 
given case a comparatively simple matter. 

As the fundamental case we will consider 
the effect of a continuous wave signal 
E.M.F. represented by 


e = E sin wt (16.8) 
with no additional load in the anode circuit, 
1.€., 

oE,= pE sn wt .. (16.9) 


By inserting this value in equation (16.5) 
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and taking the mean value of $ over one 
high-frequency period it can easily be 
shown that the continuous or rectified 
component of 7 is given by 


2 
te = ap -e (16.10) 
The change of mean anode current is there- 
fore proportional to the square of the 
signal E.M.F. 

We must mow consider the effect of 
inserting in the anode circuit a pure resis- 
tance load of magnitude R, the load being 
short-circuited by a condenser of sufficient 
magnitude to provide a path of negligible 
impedance for the high-frequency com- 
ponents of 7. In the first place, before the 
signal E.M.F. is introduced in the grid 
circuit, there will be a small change of mean 
anode current the magnitude of which can 
be determined from equation (16.5) above. 
If i, be the magnitude of the anode current 
before the resistance R is introduced in the 
circuit, and i,’ the magnitude of the anode 
current after the resistance is introduced, 
then, since ĉE, is given by 


dE, = —n R (16.11) 
i=òia = ig! — fa = -a, kh R+a,1'%gR? (16.12) 
The exact solution of this equation can be 
found in the ordinary way, but in practice 


the effect of the square term on the solution 
is exceedingly small, so that 


re a 
' y+a,R 
When the continuous wave signal E.M.F. 
acts on the grid, : 
SE, = (pE sin wt—ta'R—1,R) (16.14) 


Inserting this value in equation (16.5) and 
taking the mean value of 7 over a period 
will give | 


ta 


(16.13) 


depi = — a, Ric tia!) paypt-taR* i+ ia’) 


(16.15) 
and, from equation (16.12), 


E? | | 
i, = —a, Ri, ha.u? 4 +21.a,Rig’ (16,16) 


(The term containing the square of i. has 
been omitted, as it will be found to be 
negligibly small.) It is easily seen from 
equation (16.16) that the expression for te 
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can now be reduced to the standard form 


i RLR -. (16.17) 
where 
I 
R: us Ro (16.18) 
and 
Es 
E. = ap- R, (16.19) 


It should be noted that R, is independent 
of the signal amplitude, but varies with 
the load R, increasing as R increases. The 
limiting or no-load values are clearly 


(16.20) 


(16.21) 


Before proceeding to the other applications 
of anode rectification it will be well to 
describe the experimental confirmation of 
the foregoing analysis and indicate the order 
of the magnitudes involved. 


17. Experimental confirmation. 


(a) Determination of the static charac- 
teristic. 


Anode current in mA. 


0 pune aa 


-40 -30 -20 -10 0 
Grid vollage 


Fig. 25. 


This is a very simple matter, and need 
not be described in detail. The curve of 
Fig. 25, which refers to a dull-emitter valve, 


D2 
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with an anode voltage of 50 and a filament 
voltage 1.8, is typical of the results obtained 
for a number of small receiving valves. 
It would seem from an inspection of this 
curve that a negative grid voltage of 5 or 
6 volts would give the greatest rectification 
sensitivity. By actual measurement it was 
found that a negative grid voltage of 3 volts 
gave a considerably greater sensitivity. 
This, therefore, was taken as the fixed 
initial condition. 


(0) Determination of the rectification 


characteristic. 


The rectification characteristics for the 
above initial conditions were measured by 
means of a circuit almost ‘identical with 
that described in Section 8 (Fig. 11), the 
grid-circuit resistance being short-circuited 
and the grid maintained at a constant 
negative potential of 3 volts. The high- 
frequency E.M.Fs. (wave-length about 400 
metres) were applied in the same manner as 
for the grid rectification measurements. 
The values of +, were determined for a range 
of signal amplitudes up to about 1.8 volts, 
with no load in the anode circuit, and also 
with various loads up to 50 000 ohms. The 
results are exhibited in the curves of Fig. 26. 


HL 
UIT 
HAM 


Rectified current in aA: 


+o 
Signal emf (rolis) 
Fig. 26. 


(c) Analysis of experimental results. 
Unfortunately, the static values of 


Ola = 


Ola 
were not determined for l above valve 
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Rectified aurrent n uÀ 


l 
E (volts) 
Fig. 27. 


at the time of the measurements. To this 
extent the measurements must be regarded 
as incomplete. It will be shown, however, 
that the no-load rectificaton characteristic 
agrees with that predicted from the t., eg 
static characteristic. Further, that from 
the no-load value of R, the rectification 
characteristic for any other load can be 
predetermined. 


(d) The static values of 
Ola 6214 
Ĉe. and deg? 
For small changes from the intial values, 
equation (16.5) takes the form 


Ola I 627, 


= ie p EE. 
| ĉe, ETO dee Ŝe (17.1) 
1.€., 
1 ĉi, I 6%, ~ 
s a === +5 =; ĉe (17.2) 
Öeg oe, 2 Es? 


Thus the first and second derivatives can be 
found by plotting t/ĉe, against de, and 
measuring the constants of the straight line 
so obtained. In the present case it was 
found that for a range of 2 volts on either 
side Of—3, ` 


dla o, I 
koi las I.25X1IO 
OŜa ulo 
A~ 39.76 X IO 


(e) No-load rectification characteristic. 


In Fig. 27 is shown the result of plotting 
te against E2 with no load in the anode 
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circuit, E being the R.M.S. signal voltage. 
As indicated in the foregoing analysis, the 
result is a straight line. The measured 
slope of the line is 

I 621, 

2 Oe pg? . 
which agrees within the limits of experi- 
mental error with the value 4 39.76 x 1078 
= 190.88 x 10-6 predicted from the static 
characteristic. 


(f) The no-load value of R.. 


From equation (16.18) it can easily be 
shown that 


= 2I.3XI07$6 


anu2E2/oO I 
a = E (SRT keo (17.3) 
Also, from equations (16.2), (16.6) and (16.7), 
= I Lu 
a= 7 ice .. (17.4) 
I 62), 
a, = 2p? de? . (17.5) 
Therefore, 
I Gia fe I 
PEEN Wa e ER 1, JR = 0 
and since 622,/ée,2 is known, the value 


of a, can be determined by plotting 1/1, 
against R and measuring the slope of the 
curve at R=o. The magnitude of 1/a,= 
(R)R=o was thus found from the rectifi- 
cation characteristics to be 


= 8.41 X IO$ 

1 
which, from (17.4) above, gives 

u = 10.5 

From the above constants the value of E, 
and R, corresponding to any given signal 
amplitude and load resistance can be calcu- 
lated as shown above, and t, can therefore 
be calculated. The following table gives 
the values corresponding to a signal ampli- 
tude of 1.77 volts, calculated and measured 
values being given for comparison. 


lo 


R Re Ee | calc measured. 

| | 

| | 
o| 8.41 X IO“ | 2.79 | 33.2 xX 1078 | 33.3 X 1078 
10 000! 9.00 x IO | 2.99 , 29.9 x 1076 | 29.8 X 1078 
20 000 | 9.55X IOo% | 3.17 | 27.4X 1076 | 27.3 X 1078 
30 000 r 10.05 X IO$ | 3.34 ' 25.6 1076 | 25.2 X 1078 
40 000 Í 10.50 x 104 | 3.49 ' 24.0X 1076 | 23.7% 1076 
30 000 | 10.98 x IO: | 3-64 | 22.8x 1078 | 22.5x 106 
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The agreement between the observed and 
calculated values is very satisfactory. The 
comparatively high values of E, should 
be noted. They are actually greater than 
the signal amplitude, which appears to 
indicate very perfect potential rectification. 
It must not be forgotten, however, that the 
magnification factor of the valve enters 
into these values. The corresponding recti- 
fied potentials in the grid circuit will only 
be about 1/10 of these values, or, better, 
the effective signal E.M.F. in the anode 
circuit is about ten times the actual signal 
amplitude. In spite of this fact, anode 
rectification is in general very much less 
sensitive than grid rectification. This will 
be considered more fully later on. For 
certain purposes, however, the approximate 
square law behaviour, and the very high 
input impedance compared with grid rectifi- 
cation, have considerable practical advan- 


- tages. 


Having thus established the validity of 
the general theory as presented in Section 
16, we are now in a position to analyse the 
remaining and more important practical 


cases of anode rectification. 


18. The anode rectification of a modulated 
continuous wave. 


As in the corresponding case of grid 
rectification, it will be convenient to confine 
the analysis to an E.M.F. modulated with 
a single pure tone, 1.e., 

e = (E 4 M sinnt) sinwt .. (18.1) 
The rectification of this E.M.F. will give rise 
to certain low frequency currents, and if 
the anode circuit contains a telephcne 
load or a transformer winding these low 
frequency currents will give rise to low 
frequency back E.M.Fs. of which the 
instantaneous value will be represented 
by the general symbol vm. The total change 
of potential will therefore be 


E,=u(E FM sin nt) sin wt—ia'R— 1R—Va 
(18.2) 


To determine the magnitudes of the various 


components of 2, the change of anode current, 
it is only necessary to insert this value of 
OE, in equation (16.5) and then equate 
separately the components of equal frequency. 
The process is quite straightforward and 
need not be given in detail. It will be found 
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that the continuous component is 
M? \ 

E(t T 4 Ez; 

R:+ R 
t.e., the percentage change in the rectified 
E.M.F. due to the modulation is 25% 
In nearly all cases of practical telephony 
the ratio of M to Eis small. The modulation 
will therefore produce no appreciable change 
in the magnitude of the continuous rectified 
current. This fact can be verified experi- 
mentally as already described in connection 
with grid rectification. 

The fundamental modulation frequency 
component of the current is given by . 


1, = pta EM —va (a, — 24A la R— 2a i. R) 


e (18.3) 


t, = 


(18.4) 
and since t, will be small compared with ta', 
n = pa EM — i | 
In = puŝa R. (18.5) 
In vector form this is equivalent to 
E, 
I, = Je = ee s 
Ž, 4+ R, (18.6) 


where K, is a vector representing an E.M.F. 
of frequency n/2m7 and amplitude 


E,=yuta.EMR, .. .. (18.7) 
and Z, is the impedance operator for the load 


at the modulation frequency. The double 
frequency component is given by 


E., 
I =. = (18.8) 
where Za Ke 
E g= i ae ee ee (18.9) 


The ratio of the parasitic double frequency 
term to the single frequency term is thercfore 


Im MO V(Rua p RO? + Xi 
In 4E Vl Ra tR Xm 
where Ra, Ra, Ka, and X n are the resistance 
and reactance components of the two imped- 


ance operators. Apart from any resonance 
effects it is clear that this ratio will in 


(18.10) 


general be less than = i.e., as a percentage 


4E 

it will be less than a quarter of the modulation 
percentage. If the latter is kept small, as 
it generally is in practice, the double 
frequency term will be relatively unimportant. 
Equation (18.6) can if desired be expressed 
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in terms of the slope of the rectification 
characteristic corresponding to the given 
value of the zero frequency resistance of the 
anode circuit load. From equation (16.17), 


Otc I R 
E = EFR p?Ra:. E (18.11) 
I E, 
= ZFR M (18.12) 
Therefore l 
E„=M(R.+ R) a (18.13) 
and 
_ RAR ĉi, ; 
bS FES RIE (18.14) 


where M is a vector of magnitude M and 
frequency n/27. For most purposes, how- 
ever, the form of equation (18.6) will be the 
more useful. 


EFFICIENCY AND DISTORTION IN THE ANODE 
RECTIFICATION OF A MODULATED CON- 
TINUOUS WAVE. 


The modulation frequency power consumed 


in the load is ace Writing P, for 

this, it is easily shown from equation (18.6) 

that l 
P, = Pn COS On En? 


Pn + 2pncosO,+1 2R, °° 


where px, is the ratio of the magnitude of 
Zn to R, and where 6, is the phase angle of 
the load at the given frequency. For any 
constant value of 0, the frequency term in 
equation (18.15) is a maximum when px = I. 
The general character of the variation of 
this expression with p» can be seen from 
Fig. 28, where the curve 1s drawn for 0, = o. 
For most small receiving valves R, may 
be anything from 50 000 to 100 000 ohms. 
(It is important to realise that it will always 
be greater than the internal slope resistance 
corresponding to the straight part of the 
characteristic.) The optimum impedance 
load for anode rectification is therefore in 
the region 50000 to 100000 ohms. A 
telephone load would therefore seem to be 
particularly unsuitable, for not only is it 
inefficient electrically, but it is inefficient 
on the wrong side of the maximum, the 
side where its efficiency varies most rapidly 
with frequency. In general it seems likely 
that a telephone load will greatly favour the 
higher frequencies. A full discussion of the 


(18.15) 
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frequency distortion associated with anode 
rectification on account of the variation 
of the load impedance with frequency is 
beyond the scope of the present paper, for 
it would involve a number of other factors, 
physiological and physical. It is a subject 
for which much more data are required than 
appear to be available at present. The 
above brief discussion can only be regarded. 


as an outline of the electrical side of the 


question. | 


19. Heterodyne reception with anode rectifica- 
tion. 

The analysis of this case will follow so 
closely that already given in Sections 14, 
16 and 18 that only a brief outline need be 
given here. As in Section 14, the resultant 
E.M.F. due to the sum of the signal and 
the local oscillation will be expressed in the 
form 


e = E sin(wt+a) (19.1) 
where 
Es = E,8+E,2+-2E,E, cos(nt+ B) 
== E,?-Len i (19.2) 


Using the same symbols as in the sections 
referred to above, 

SEs =p E sin (wt+a)— tia R-tR-Um (19.3) 
The various components of the change of 
anode current due to the heterodyned signal 
can be found by substituting this value 
of ĝE, in equation (16.5) and then equating 
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, 
separately the terms of equal frequency. 
It will be found that the continuous com- 
ponent is given by ; 


ic = TR (19.4) 
where E: = kuŝa, R(E, 24E) (19.5) 
= $uŝa,R,E, (19.6) 


R, being the same as in Section 16. 


Pn Fig. 28. 


The fundamental beat frequency com- 
ponent will be found to be 


în =pta,E, E,cos(nt--B) — Vs/R: (19.7) 
or in the more convenient vector form 


E, 
I, = . 
Hd R, (19.8) 


Es = R,uŝa,.E, E, 


Za being the impedance operator of the load 
at the beat frequency. — 


In the corresponding case of a modulated 
continuous wave, it was shown that there 
would be in addition a small double fre- 
quency component (see equation (18.8)). In 
the present case, however, since 6éE,2 
contains only the first power of e», there 
will be no double frequency term (except an 
exceedingly small factor derived from the 
square of v,, itself a small quantity). This 
fact should be noted, as it has a useful 
significance in relation te the super-hetero- 
dyne reception of telephony. 


where 
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Returning to equation (19.8), the chief 
features of this result are :— 

(1) The amplitude of the beat frequency 
component of the anode current is pro- 
portional to the product of the amplitudes 
of the signal and the local E.M.Fs. This 
was not true of the corresponding case in 
grid rectification. This does not mean, 
however, that an indefinitely great increase 
in effective sensitivity can be obtained by 
increasing the amplitude of the local oscil- 
lation, for the above equations only apply 
exactly for signal amplitudes not exceeding 
about two volts. For large amplitudes of 
high-frequency grid voltage the change of 
anode current will nolonger be proportional to 
the square of the high-frequency amplitude, 
tending ultimately to proportionality to the 
first power. This condition will set an upper 
limit to the increase of effective sensitivity. 
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(2) There is in the present case no loss of 
sensitivity such as that associated with the 
grid condenser in grid rectification (see 
Section 13). Under certain conditions, there- 
fore, particularly at long wave-lengths, 
anode rectification may have a greater net 
sensitivity than grid rectification in hetero- 
dyne reception, though the sensitivity of 
the latter method will be very much 
greater than that of the former in relation 
to the rectification of a pure continuous 
wave. 

This, together with the fact that only a 
single frequency is produced by the anode 
rectification process, makes the latter method 
particularly suitable for super-heterodyne 
reception. 

More will be said about the comparison 
between grid and anode rectification in the 
last section of the paper. 


(To be concluded.) 


The Wireless Annual for 1926. 


gained from a first perusal of this year’s 

Wireless Annual“ is of the rapid 
expansion of amateur communication during 
1025. New experimental stations have 
sprung up in all corners of the world, so that 
the Directory of Transmitting Stations, which 
has always formed a feature of this useful 
publication, is now swollen to approximately 
30 pages of closely-packed type. British 
call signs absorb about a third of the allotted 
space, the remainder of which is devoted to 
stations as far asunder as Spain and Argen- 
tina, South Africa and India, Finland and 
Australia. 

Another valuable section rightly retaining 
a place in the volume is that giving useful 
tables and data to which every serious 
experimenter must have recourse from time 
to time. 

There are some noteworthy contributions 
on the purely technical side. Among these 
must be mentioned “ Valves, Their Uses and 
Characteristics,” an article by W. James in 
which the basic principles of the thermionic 
valve are lucidly explained, together with 


PP kained from the outstanding impression 


* The Wireless Annual for Amateurs and Experi- 
menters, 1920. London: Ilitte & Sons, Limited, 
Dorset House, Tudor Street, E.C.4. Price 2s. Od., 
post free 2s. Sld. 


methods of finding the amplification factor, 
and of obtaining a characteristic curve of 
any particular specimen. A valuable appen- 
dix provides data regarding valves of all the 
leading makes. 

Mr. F. H. Haynes deals with circuits for 
broadcast reception, giving over forty ex- 
amples with a brief explanation of each, and 
this section is followed by a cłearly-written 
article on “ Finding and Rectifying Faults 
in Receivers,” in which the various short- 
comings likely to be encountered are classified 
together with a list of “ probable causes.” 

In a review of wireless progress during 
1925, Mr. Hugh S. Pocock touches upon the 
formation and work of the Geneva Broad- 
casting Bureau, general commercial develop- 
ments as revealed in the adoption of the 
“beam ” system, and the enormous strides 
made by amateurs in short-wave research 
work. The advances made in broadcasting, 
particularly as a factor in international 
relationships, are brought home to us very 
forcibly in an article by Mr. A. R. Burrows, 
setting forth the work and aims of the 
International Broadcasting Bureau. 

As a survey of the present position of 
wireless in its many ramifications, The 
Wireless Annual is of undoubted value to 
every experimenter. 
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Rectiflers for High-Tension Supply. 


By R. Mines, B.Sc. 


[R355:5 


Addition to Part V. 


XINNI.—Use of Curved Electrodes. 


T may be shown that if the electrodes are 
| curves (in the same plane as the direction 

of the electron paths), for example, so that 
they become two concentric cylinders, then 
the shapes of the paths are different according 
as the electron starts from one or cther 
electrode. In this case the mathematics tell 
us that the critical value of the field is different 
for the two kinds of path, assuming the 
same P.D. between the electrodes in either 
case. This result may also be stated con- 
versely—that for a constant field the critical 
value of the P.D.is different ; and this means 
it is different for the two directions in which 
it mav be applied to the tube, since electrons 
proceed only from the negative electrode 
when conduction is taking place. 

This apparatus, then, constitutes a rectifier 
as distinct from a swifch, there being no 
operation or control of the magnetic field in 
svnchronism with the alternating supply. 
The necessary magnetic field may, in fact, 
be applied to the gap from a permanent 
magnet ; and in actual rectifiers that have 
been constructed on these lines it has been 
found easiest to apply it in a direction parallel 
to the axis of the cylindrical electrodes. 
An example was shown in E.W. & W.E. for 
May, 1925 (p. 472), q.v., which showed the 
improved magneton rectifier developed by 
Bush and Smith.* 

With a constant P.D., the critical field is 
inversely proportional to the radius of cur- 
vature of the electrode ; and with a constant 
held the critical P.D is inversely propor- 
tional to the square of the radius. 


XIV.—Further Reduction of Gas Pressure : 
Production of Cathode Rays. 


Continuing from Section IT our description 
of the effects obtained in a discharge tube 
as the gas pressure 1s reduced ; we find that, 
when the pressure is between 1/1 000 and 


————»ĜB um —-o—=———-oE——-——-— 


e P. Inst. Radio Eng., Vol. 10, p. 41, Feb. 1922. 


1/10 000 of atmospheric, the glows associated 
with the anode have disappeared, and those 
originating near the cathode have expanded 
well up to the anode. This is called the 
“fourth type ” of Geissler discharge. Beyond 
this again (in the region between roo and 
IO millionths of an atmosphere) “ cathode 
rays ” are produced. These rays are nothing 
more nor less than a stream of electrons 
issuing from the cathode ; they have the 
important properties of rectilinear propagation 
(travelling in straight lines) and normal 
emission (t.e., they are projected perpen- 
dicularly from the cathode surface, however 
this may be placed). These properties are 
easily accounted for by the cathode fall, 
which, though present at all gas pressures, 
becomes accentuated as the gas pressure is the 
reduced “ conductivity ” of the gas at these 
extremely low pressures, which necessitates 
the application of a very high P.D. between 
the electrodes (running into thousands of 
volts) before any discharge will pass. The 
electrons are released by positive ion bombard- 
ment in the manner already described ; in 
the immediate neighbourhood of the cathode 
the electric field is perpendicular to the 
surface, and it is in this direction that the 
electrons receive the bulk of their momen- 
tum ; and the comparatively weak fields in 
the remainder of the discharge tube effect no 
appreciable alteration in the velocitv or 
direction of their motion. 


XV.—The Lodge Valve. 


The normal emission property of the 
cathode rays is utilised in an ingenious 
manner in the high-tension rectifier developed 
by Sir Oliver Lodge. The constructional 
fcatures of this are shown in Fig. 12. Note 
that when the side electrode is cathode, a 
parallel cathode rav stream is produced 
which travels past the spiral electrode ; a 
good proportion is arrested by it and the 
remaining electrons will largely find their 
way via the gas and the glass walls. When 
the spiral electrode is made negative, the 
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electrons ejected from it travel away in all 
directions and only a small proportion will 
find their way to the other electrode. 

The device therefore shows a marked 
asymmetry of conduction. It is, however, 
only a partial rectifier, though it proves very 
satisfactory in connection with X-ray tubes, 
for which use it was originally designed. In 
common with other apparatus employing 
the cathode ray stage of vacuum discharge, 
it is suitable for use only with high P.D.s., 
due to the reduced conductance in the tube ; 
this factor also places a limit on the current 
that may be passed through such a rectifier. 
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Fig. 12. The Lodge valve. 


Part VI: Vacuum Arc Rectifiers. 


I.—The Arc Discharge in a Vacuum. 


W: have noted in Part IV on Arcs 


at Atmospheric Pressure that the 

potential drop across the arc ter- 
minals is dependent largely upon the 
ionisation potential of the gas or vapour 
taking part in the conduction. 

This is true also of the vacuum glow 
discharge, and accounts largely for the use 
of neon in the glow discharge rectifier. 
The effect of this factor is greatest under the 
“constant cathode fall’’ condition (that 
holds in this rectifier in the conducting 
direction) since the cathode fall, which 
in such cases is the greatest component of 
the whole P.D., is then determined chiefly 
by the ionisation potential. 

One direction then in which one may 
naturally look for an improved apparatus 
is to seek a gas or vapour with a very low 
value for this ionisation potential. 

Referring again to the case of an arc 
burning under atmospheric pressure, one 
finds that the matter taking part in the 
conduction in the arc is vapour of the elec- 
trode material. Herein then lies a possible 
solution to the problem—to combine the 
conditions of the vacuum discharge with 
the use of a vapour of a metal or a semi- 
conductor. 


II.—Practical Requirements in a Vacuum Arc. 


Working under reduced pressure necessi- 
tates enclosure of the discharge in a vacuum- 


tight envelope ; and it must be remembered ` 


that with an arc in action the vapour 
temperature is at least at boiling point 
(fortunately this is less under reduced 


pressure than it is at atmospheric) —the 
value allowable is limited by the envelope. 

Further, owing to the continuous vaporisa- 
tion of the electrode material, there must be 
provision for its renewal ; obviously this 
must take place inside the vacuum chamber. 
It is found that, owing to the enclosing 
vessel always being kept cooler than the 
arc vapour by radiation and convection, 
the vapour condenses on its inner surface ; 
therefore the replenishment of the evaporat- 
ing electrodes may be most easily secured 
by choosing the electrode material so that 
it is liquid under the working conditions, 
and shaping the apparatus so that the 
condensed liquid drains back to the pools 
acting as electrodes. 


IMMI.—The Mercury Vapour Lamp. 


Thus the “ mercury vapour lamp ” consists 
of a long glass tube with a pool of mercury 
in a bulb at each end. In action the vapour 
conduction takes the form of a “ Zeissler 
discharge of the second type ” ; there is a 
bright glow (the source of the light, and 
known as the “ positive column ”) filling 
the bulk of the tube to within a short distance 
of the negative electrodes (assuming D.C. 
is used). 

In starting this lamp it is necessary to 
give rise to a supply of vapour that will 
bridge a path between the electrodes, in 
other words, to “ strike ” the arc. This is 
done by the tube so that mercury from 
one pool runs along it and makes contact 
with the other ; on returning the tube to 
its initial position the mercury column runs 
back and breaks at a number of points, 
and there the arc is struck. 
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(In the large sizes of lamps an alternative 
method is used. A high-frequency alter- 
nating electrostatic field is applied to the 
tube ; this causes ionisation of the residual 
gas sufficient to produce a more intense 
glow discharge than is caused by only the 
normal P.D. being applied to the elec- 
trodes.“ This relatively strong discharge 
heats the electrodes sufficiently to start 
vaporisation on which it changes into the 


arc type.) 
IV.—Mechanism of the Discharge. 


We see that there is only one notable 
difference between the vacuum arc and the 
atmospheric one—the former occupies a 
larger volume than the latter for the same 
power expended : the current density (in 
the arc itself) and the potential gradient are 
both smaller, so that the power density in 
corresponding parts of the two types are 
in approximately the same ratio as the 
gas pressures. | 

Evidently the same discharge phenomena 
are associated with each of the two types. 
Thus with a steady P.D. applied to the 
mercury vapour lamp, there is a fall of 
potential at the cathode ; this is bombarded 
by positively-ionised vapour, is in turn 
heated and emits electrons, which are 
projected by the cathode fall and maintain 
the ionisation of the vapour. 


V.—Introducing Asymmetry. 

As with the atmospheric arc, the conduc- 
tion may be made asymmetrical by using 
dissimilar electrodes ; : 
arc it is much easier to produce a good 
result. Thus by making one electrode of 
iron, for example, instead of mercury, it 
is found impossible to strike the arc with 
the iron as cathode. The reasons for this 
also are similar—iron has a higher specific 
heat and higher heat conductivity than 
mercury, hence it is more difficult to raise 
its temperature locallyf sufficiently for ther- 
mionic emission ; also evaporation will 
not take place so readily. These effects 


* It has been proved experimentally that at high 
frequencies a glow discharge will occur in a rarefied 
gas under much lower potential gradients than those 
required at low frequencies (which are determined by 
the ionisation potential). 

+ A. Gunther Schulze gives the current density at 
the “ cathode spot ” as 4 ooo amperes/cm.? 
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but with the vacuum. 
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are both intensified under vacuum conditions : 
the latter owing to the lower temperature* 
in the discharge, which while being far below 
that necessary for iron vapour production 
is sufficient for mercury. 


VI.—The Mercury Arc Rectifier. 


A common form of the apparatus is 
that shown in Fig. I. It consists of a glass 
vessel with four main limbs ; in B and D 
are the iron electrodes (there must always 
be more than one for reasons to be given 
later), and at the lowest point C is the 
mercury pool. LE is another smaller pool 


IRON OR 
GRAPHITE 


we miao 


MERCURY 


cmeaome ween weer ew ene we o 


which is connected to one of the iron 
electrodes through a resistance ; it 1s used 
for starting the arc by tilting the mercury 
into contact in the same manner as for the 
mercury vapour lamp. The large bulb A 
serves the functions of expansion chamber 
and condenser for the mercury vapour. 

These rectifiers are made also with metal 
cases for handling large powers. It is not 
intended here to describe details of con- 
struction or operation since these have been 
given in many recent books and articles 
on the subject. 


VII.—Extinction of the Arc. 

It is much easier then to produce a 
rectifying arc under reduced pressure than 
it is at higher pressures. Nevertheless, in 
putting such an arc into practical use 
certain difficulties arise. 


e Between 70° and 80°C, 
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The chief of these is due to the extinction 
of the arc that must of necessity take place 
when an alternating supply is being used, 
for the purpose of rectifying it—the P.D. 
across the rectifying arc terminals falls 
below the value necessary for maintenance 
ot the arc at least once each cycle, and in 
the case of a “half-wave” rectification 
circuit it remains so (not forgetting its 
sign) for more than half of the cycle. 

Now we have seen that one of the causes 
of the attainment of a state of equilibrium 
in any gaseous discharge is the continuous 
recombination of ions that takes place the 
faster the more intense the ionisation. As 
soon therefore as the power supply is with- 
drawn, the ion cloud through which conduc- 
tion was taking place vanishes with extreme 
rapidity. Hence for conduction to recom- 
mence when power is again applied a fresh 
supply of ions must be produced, the key 
to this process being the thermionic emission 
from the hot cathode. 

Owing to the low boiling point of mercury 
in a vacuum, the cathode ‘hot spot,” 
which with the arc in operation is at a high 
temperature sufficient for copious election 
emission, must consist of a layer either of 
dense vapour or of superheated liquid 
(most probably the latter turning into the 
former). Under these circumstances evi- 
dently the hot-spot will cool very quickly 
on withdrawal of the power, and the rate 
of decrease of its thermionic emission will 
be of the same order of rapidity as the 
rate of disappearance of the ions in the 
vapour. 

The result is that the vacuum arc will 
not re-strike merely by raising the P.D. 
again to the value that suffices to maintain 
the arc, even if the time of extinction is 
short compared with the time period of a 
public supply. It is manifestly impossible 
to use mechanical contact between the 
electrodes (which would have to be operated 
in synchronism with the supply), and 
impracticable to use the high-frequency 
discharge (for such device would have to 
be in continuous operation) the best 
method of attack on the problem would 
appear to be therefore to prevent extinction 
ot the arc. 

« Cf. the oscillograms given in our article, E. W. & 
W.E., p. 580, July, 1924. 
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VIII.— Use of Multiple Electrodes. 


It was explained in our second article* 
that it is possible to make one rectifying 
apparatus perform the function of two by 
using two electrodes of one kind and a 
common electrode of the other kind immersed 
in the same conducting medium. 


This property is a result of the fact that 
in the electrolytic rectifier there described 
the rectification action takes place at the 
electrode and not in the conducting medium.f 


Further, since only one of the kinds of 
electrode is active, only one kind may be 
multiplied. In the electrolytic rectifier the 
electrolyte 1s normally conducting, and the 
function of the active electrode is to insulate 
in the non-conducting direction ; hence it 
is this electrode that may be multiplied: the 
other kind of electrode may not, since it 
will permit electricity to pass either into, 
or out of, the conducting medium. 

In the mercury arc rectifier similar 
conditions hold ; for though it is the arc 
vapour that conducts the electricity, this 
conduction is as we have seen essentially 
dependent upon the active electrode. In 
this case, however, the medium in Which 
the electrodes are immersed is normallv 
non-conducting ; and since the function 
of the active electrode is to produce con- 
duction, this electrode may not be multiplied. 


IX.—On Polyphase Supply. 


In the mercury arc rectifier therefore 
only one mercury pool may be used, but 
any number of iron or graphite electrodes 
as many will be used as there are phases In 
the supply to be rectified. 


This arrangement permits us to utilise a 
further useful property of the arc—that 
when there is an arc already playing between 
any two electrodes, the supply of ions 
produced therein renders an arc “ self- 
striking ” with respect to any other pair 
of electrodes provided the mercury pool 
is common to each pair. In fact the arc 
transfers itself to that electrode whose 
potential is most above that of the common 
electrode. 


*E W. & W.E., Vol. 2, pp. 783-754. Sept., 1925. 

+ As it does for example in the gas discharge 
rectifiers described last month (see EW. & W.E. 
Vol. 2,p. 982, Dec., 1925). 
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The polyphase rectifier therefore auto- 
matically overcomes the difficulty of re- 
striking the arc. The diagram (Fig. 2) 
shows the action in the case of a three-phase 
supply. The only condition to be fulfilled 


MINIMUM P.D. AVAILABLE 
FOR ARC 


\ LON 
- =-=-d 
VU 
\ /STEADY 


TIN DUTPUT 
VA 


Fig. 2. Three-phase supply. 

is that the minimum value of the maximum 
P.D. available between any cathode-anode 
pair (which occurs when the P.Ds. of 
adjacent phases become equal, as at 4, 
Fig. 2) shall exceed the minimum arc P.D. 
by a reasonable margin. 


Three symmetrical phases is the minimum 
number that will fulfil the above conditions, 
as is evident from Fig. 3, which depicts 
what occurs when two only are used—the 
maximum P.D. available between either 
pair of electrodes necessarily falls below 
Zero. 


X.—Use of a Choke. 


An ingenious way that has been devised 
to overcome this difficulty is to insert 
a choke coil in the load or output circuit 
(see Fig. 4). Broadly speaking, its effect 
is to “ smooth out ” the P.D. wave. 

When the P.D. between one pair of 
electrodes 1s falling the arc current between 
these two tends to fall—this gives rise to a 


\/ PD.OFOC. 


a ~ , 
“ss.” STEADY PD OF “s.l.” 
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Two-phase supply. 


` 
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Fig. 3. 
negative potential drop across the induc- 
tance, proportional to the rate of decrease 
of current. The mercury pool thereby has 
its potential depressed with respect to each 
of the other electrodes, so that not only is 


DC 
OUTPUT 


Fig.4. Choke in load circuit to smooth the P.D. wave. 


the positive P.D. across the arc maintained 
for a while but also the third electrode being 
made more positive to the same degree 
is the sooner ready to pick up the arc. 
The heavv dotted curve of Fig. 3 shows 
approximately the resultant arc P.D. 


(To be continued.) 
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Curves and Tables for Short- Wave 
Calculations. 


By A. P. Castellain, B.Sc., A.C.G.I., D.I.C. [RO80; 127°3 


OW that the interest taken in wave- 
N teseth of the order of a very few 

metres is becoming much more general, 
it is quite time that amateur experimenters 
began to introduce a certain element of 
design into their apparatus for the production 
and reception of such wave-lengths. 


It is all very well in the beginning of things, 
when one’s interest is first aroused, to ex- 
-periment on the “ try it and see if it works ” 
principle, as this gives one an idea of some of 
the problems to be tackled—but the whole 
aim of the experimenter should be to produce 
and use apparatus which does its job in the 
best possible manner. 


He should not be satisfied always with 


INDUCTANOE ome) 


LENGTH OF WIRE 


apparatus which just works, but should 
continually be asking himself, “Can I 
improve this; if so, how, and if not, why 
not?” This is just where the element of 
design, which involves knowledge of funda- 
mental theories, comes in. 

The following curves and examples have 
been worked out by the author in an attempt 
to help the serious experimenter on short 
waves. 

There have been many expressions evolved 
for the inductance of a circular ring or loop, 
but perhaps the most convenient is that due 
to Kirchhoff :— 


L=4na log? — 1.75 


(cms) 


Fig. 1. 
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o 
10 
LENGTH OF WIRE (metres) 
Fig. 2. 
where L=-inductance of loop in cms. ; From Table A. 
a=-radius of loop in cms. 1970=19.7 X I00 log 20=2.996 
p=radius of conductor in cms. log I 970=log 19.7 +log 100 log 19=2.944 
This formula is approximate, being more 
correct as the ratio p/a is smaller, but it is difference 0.052 
sufficiently accurate (to less than 1% in e 
the range considered) for our purpose. log 19.7 = 2.980 0.7 X 0.052 =0.036 
As an example, we will find the inductance logIoo = 4.605 —  logIg =2.944 
of a loop of 50 cms. diameter of I4 S.W.G. ain 
wire. = = 
Here azs log 1970 = A log 19.7 = 2.980 
p =0.1015 from Table B 4 


log 1970—1.75 =5.835 
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Hence L=4725 {5.835} | pla is small enough to be neglected—it will 
=I 832 cms. only make a difference of 8p, t.e., 0.4 cms., in 
= 1.832 microhenries. “the result. 

Note.—1 000 cms. = I microhenry. a 70 _, ido 
The following expression for the Inductance j po. 009 

of a square is also due to Kirchhoff :— og I4 2.639 

log 100 — 4.605 l From Table A. 
L= Ba( log,“ Te E 0.524 cms. 
: p a lo _ 
gI 400 =7.244 
where a=side of square in cms. 0.524 


L and p as before. 


As an example: to find the inductance of log 1 400 —0.524=6.720 


a square of 70 cms. side wound with 1 mm. NE 
diameter wire. | . L=8.70 {6.720} cms. 
Here a=70 cms. : =3 760 cms. 
p =0.05 cms. = 3.76 microhenries. 


LOOP INDUCTANCE @ms) 


LOOP RADIUS Gms) 
Fig. 3. 
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Fig. 4. 


The two examples given should be quite 
sufficient to illustrate the method of working 
out the various inductance expressions. 

However, a series of curves, Figs. 1-4, has 
been prepared by means of Which the induct- 
ance of loops may be read off from 10 cms. to 
I metre diameter, of squares with sides from 
Iocms. to I metre length and of straight 
wires from IO cms. to IO metres, the con- 
ductors ranging from I to 4 mm. diameter. 


The following inductance expressions will 
be found most useful and easy to use by 
means of the tables provided :— 


Self Inductance of a rectangle, sides a & b. 


L=4 [a +b) log -a log (a-+d) - b log (b+ 4d) 


LE 4 (at b) + 2 (d+ p) | cms. (Rosa & Cohen) 


where p=radius of circular conductor in cms. 


2 
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INDUCTANCE OF SINGLE TURN LOOP. 
TABLE I. 
Loop | Inductance in Centimetres. 
Radius | ee 
a p = | p = p = = 
cms 0.05 cm. O.ICcMm. | 0.15 cm. | 0.2 cm 
5 | 310.4 266.5 241 223 
10 707 618 567 53I 
15 1 137 I 006 930 875 
20 I 590 I 414 I 312 1 238 
25 | 2057 | 1,840 I 710 I 622 
30 2 536 2 275 2 123 2015 
35 3030 . 2722 2 548 2 420 
40 3 528 3 175 2975 2830 
45 4040 3 640 3 410 3 250 
50 4 547 4 IIO 3 850 3 680 


L=ana | logs — 1.75 \cms. (Kirchhoff): 
p 


where a=radius of loop in cms. | 
p=radius of wire in cms. | 


INDUCTANCE OF STRAIGHT WIRE. 


TABLE II. 


Length Inductance in Centimetres. 
of —— 
Wire p = : == = 
l cms. 0.025 CM. | 0.05 cms. O.I cms. 
10 I13.7 99.8 86 
20 255.5 227.5 200 
30 407 365.5 324 
40 565 510 455 
50 729 660 591 
60 898 815 731 
70 1 068 970 874 
80 I 242 I 130 I 020 
go 1 418 I 293 I 170 
100 I 597 I 459 I 320 
125 2 053 1 880 1 706 
150 2 515 2 310 2 102 
175 2 990 2 750 2 510 
200 3 476 3 192 2 916 
300 5 450 5 030 4 620 
400 7 500 6 945 6 400 
500 9 596 8 903 8 210 
600 II 730 IO 900 IO 070 
700 13 900 I2 920 II 940 
800 16.100 15 000 13 900 
goo 18 300 17 080 15 810 
I 000 20 580 IQ 200 17 800 
L=z2l | log?! —I | (Neumann) 
op 


where /=length of wire in cms. 
p=diameter of wire in cms. 
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d = diagonal of rectangle in cms. 
= /a2 +b. 

Self Inductance of a square with a rectan- 
gular sectioned conductor—e.g., copper strip. 


L= =8a | 108.5- ge 2235 tI + 0.726 | cms. 
(Rosa & Cohen) 


where a = side of square 


: y i 
mn cms. : typ q 
—» zaj VT 


Section of conductor is 
É x q cms?. 


Self Inductance of a square with square 
section conductor. 


L=8a [18.5 10.4472 + 0.333 | cms. 


(Rosa & Cohen) 


where a=side of square in cms. 
xp cms*-=section of conductor. 


Mutual Inductance between two parallel 
straight wires. 


(Rosa & Cohen) 


This is more nearly’ true as ratio ld is 
larger, 
where /=length of each wire in cms. 
d=distance apart in cms. 


INDUCTANCE OF A SQUARE. 
TABLE III. 


Side of Inductance in Centimetres. 
Square | —_______ 
a 


cms. 


L = 8a | loge*—o. 524) (Kirchhoff) 
p 


where a=side of square in cms. 
p =diameter of wire in cms. 
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TABLE OF NATURAL LOGS FOR NUMBERS 


I to 100. 
F TABLE A. ~~ 
No. | Log. || No.| Log. No. | Log. Log. | No. No. | Log. 
vagis IN im 
Ii Oo 26 | 3.258 | 51 | 3-932 : 76 | 4.331 
2 0.693 || 27 | 3.296 || 52 | 3.951 | 77 | 4.344 
3 | 1.099 || 28 | 3.332 | 53 | 3-970 | 78 | 4.357 
4 | 1.386 || 29 | 3.367, 54 | 3-989 | 79 | 4.369 
5 ; 1.609 || 30 | 3.401 _ 55 | 4-007 80 | 4.382 
| | : 
6 1.792 || 31 | 3-434 |, 56 | 4.025 | 81 poe 
7 | 1.946 || 32 | 3.466 | 57 | 4.043 | 82 | 4.407 
8 | 2.079 || 33 | 3.497! 58 | 4.060 | 83 | 4.419 
9 ' 2.197 || 34 | 3.526 | 59 en „ 84 | 4.431 
10 | 2.303 || 35 | 3-555 |) 60 | 4.094 | 85 | 4-443 
! | 
II | 2-398 36 | 3.584 | 61 erao ; 86 | 4-454 
12 2.485 |] 37 | 3.611 | 62 | 4-127 ' 87' | 4.466 
13 , 2.565 || 38 | 3.638 | 63 ; 4.143 . 88 4477 
14 , 2.639 || 39 | 3.664 | 64 | 4.159 | 89 | 4.489 
Aaa |) 42" 3-089 105 4274. 69 | 4-500 
| : 
16 | 2.773 | 41 | 3.714 66 4.190] 9I = 
17 base 42 | 3.738 | 67 4.205 | 92 | 4.522 
18 | 2.890 || 43 | 3-761 | 68 | 4.220 || 93 | 4.533 
19 | 2.944 || 44 | 3.784 | 69 | 4.234 | 4-543 
20 | 2.996 || 45 | 3-807 | 70 4.248) 959) 4.554 
|. | 
21 | 3.045 46 | 3.829 || 71 | 4.263 || 96 | 4.564 
22 = 47 | 3-850 || 72 | 4.277 | 97 | 4.575 
23 | 3-135 || 48 | 3.871 || 73 | 4-290 || 98 | 4.585 
24 | 3-178 || 49 | 3.892 |; 74 | 4.304 || 99 | 4.595 
25 | 3:219 50 | 3.912 |i 75 | 4.317 || 100 | 4.605 


Calibration 


HE announcement appeared in our 
December number that our Calibration 
Department was temporarily closed for 
the purpose of the checking of our standard 
instruments which it is our practice to do 
periodically. The department will be re- 
opened on Ist February for the calibration 
of readers' apparatus in accordance With the 
rules which will be set out in the advertise- 
ment pages of the February issue. 

With the commencement of the new volume 
may we take this opportunity of renewing 
the request which we have made on previous 
occasions that all those making use of our 
Calibration Department will take the utmost 
care to see that the instruments forwarded 
for calibration are of such design and con- 
struction as to justify the work of cali- 
bration. So often in the past we have had 
sent to us wavemeters and other instruments 
Which were mechanically unsound so that 
it was impossible to be sure that the cali- 
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TABLE B. 
Radius 
S.W.G., p cms. 
8 0.203 | 
9 0.183 
IO 0.163 5 
II 0.147 5 
I2 0.132 
13 O.117 
14 O.IOI 5 
15 0.091 5 
I6 0.081 3 
17 0.071 
18 0.061 
19 ' 0.0508 
20 0.045 8 


me Oe eee —— 


+ 


Mutual Inductance between two equal 
loops. 


M= =4na\ logo“ e 1135 -(2 2+ 4 ka)! cms. 
ene 


where a=radius of loops in cms. 
d=distance between loops in cms. 


This formula is sufficiently accurate for 
distances up to a maximum of about d=a/3 
cms. 


Department. 


bration would hold good for any length of 
time. 

A very common source of trouble is one 
which results from the use of cheap and 
badly constructed variable condensers where 
there is play in the bearings or where the 
dial is not rigidly fixed to the spindle and is 
liable to shift. In order that there may be 
no likelihood of a strain being put on the 
dial some designers prefer to use condensers 
which are free to rotate without stops, but 
unless the condenser is very well constructed 
more often than not it is then found that the 
connection to the rotating plates is not 
reliable. 

By paying attention to the dependability 
of the instruments that are sent to us for 
calibration, readers will not only be rendering 
themselves a service but will be greatly 
assisting us in the work, whilst in addition 
it will give us the satisfaction of knowing 
that our labour isnot wasted. 
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Long-Distance Work. 


By Hugh N. Ryan (SBV). 


EADERS will no doubt remember that 
Ri: last month’s article I said I should 

devote the next to the collected 
reports of all those experimenters who were 
working on the question of the relation 
between weather conditions and the strength 
and range of signals, together with any 
theories they had formed from their observa- 
tions. I have received quite a number of 
such reports this month, both from amateurs 
whom I knew to be working on this subject 
and from others with whose work I was 


hitherto unacquainted. i 
Weather Conditions. 
Many experimenters, however, have 


written that they are at present in the 
midst of their observations, and have 
therefore asked me to postpone the résumé 
until next month, so that all the reports may 
go in together. It also appears that a 
number of experimenters only started to 
record their observations when I first 
mentioned the matter in these columns, and 
have not yet been working long enough to 
have any very useful results. In the circum- 
stances, therefore, I shall make the promised 
résumé the subject of next month’s article. 
I might also mention that Mr. Lewer's 
article on the transatlantic part of the 
subject, which appeared in last month's 
issue, dealt with the matter so completely 
and well that I am compelled to wait awhile 
for some fresh facts before I can add much 
to what he has written, as far as trans- 
atlantic work is concerned. I understand, 
moreover, that he has already quite a useful 
bunch of observations on longer-distance 
signals, so between these articles and his we 
should be able to elicit some sert of a theory. 

Nothing of unusual interest has occurred 
this month, so I will confine this article to 
a brief survey of the results obtained by our 
active stations in the course of thcir usual 
work. 

The “High-Power” Stations. 

The higher-powered stations in London 
and elsewhere have been working the whole 
world with their usual case, the only notice- 
able difference being that every now and then 


[R545:009:2 


one more station starts using phone in 
addition to code. Each in his turn sends 
phone to the ends of the earth with the greatest 
of ease, and each appears to be astonished at 
his success (and quite often drops it and goes 
back to code again). 

6LJ, once famous as a station which spent 
nearly all its time receiving, has, after a very 
successful period of DX transmission, appar- 
ently started to drop back to old habits, and 
receiving work again seems to predominate. 
Among others, he has heard four Philippine 
stations, 28 Brazilians and Argentines, and 
a Jap. His transmitter, when used, con- 
tinues to be heard in Australia. 

6OP is putting two watts into the London 
ether, and has worked the remote parts of 
Europe with it, while 2VS (an old London 
call-sigit with a new owner) has obtained 
similar results with the same power. 

Middlesex must be a wonderful place for 
reception, judging by the very fine lists I 
receive each month from those indefatigable 
listeners, Mr. Guy and the Messrs. Studley. 
This month both report a large number of 
South American and Pacific stations, while 
the latter also report a Chinese station. They 
recently had the unusual experience of 
hearing a new Argentine station, sending him 
a report, and later, hearing him acknowledge 
its receipt, without any prearranged schedule 
for listening. 

Recent Activities. 

6VP has just started up on 45 metres, after 
a lot of very good DX on the longer waves. 
As often seems to happen on arriving on short 
waves, he started with some trouble, but after 
the loss of two valves he is now working well, 
though on very low power as yet. 

2UD, of Chatham, has recently started 
DX work, on low power. He has worked 
the North of Scotland with 5-watt phone. 

2XV is another “ ex-go-metre”” newcomer 
to short waves, and he has already covered 
4000 miles with the transmitter. 

SYK, using about 8 watts, has worked 
nearly every country in Europe, reaching as 
far as the North of Norway. 

2KK has been following American signals 
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on the very long and very short waves (80 
and 20 metres), and sends in a good list. 
This method of listening should appeal to 
those who want something of interest and 
find 45-metre American reception too easy 
to be interesting. 

6TD says that there are apparently no 
stations left in Wales. He himself finds it 
usually too cold to work in the early morn- 
ings, and when he has been on he has not 
found conditions very good. He has, how- 
ever, kept up touch with the world for a few 
thousand miles around. 
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5NJ (Belfast) has now worked quite a 
number of Australians and New Zealanders, 
and 800 of Indo-China. 

Chilian CLAA (ex-ChgTC) is now conduct- 
ing his work with Argentine MAr on 48 
metres, instead of 89 metres as before. MAr 
is still on the longer wave, and both would 
welcome reports from this country or the 
Continent. 

Will all who have any interesting observa- 
tions on “weather and signal strength ” 
please let me have them by roth Januarv, 
together with DX reports as usual. 


Among the Experimental Transmitters. 


General Notes. 
M: S. K. LEWER (G6LJ), West Hamp- 


stead, is one of several amateurs who 
report having received signals from 
the Japanese station IPP. In his case the 
signals were heard at 8 a.m. on Tuesday, 
8th December, when they must have either 
travelled 9 ooo miles of daylight or taken a 
curved path of about I4,000 miles of dark- 
ness. The Japanese station was later called 
by New Zealand 2XA. 
6LJ has also received NPO, NAJD and 
IHR in the Philippine Islands, the South 
African stations A6N and A6Z, and a 
station in Tasmania. 


New Call Signs and Changes of Address. 


We publish below various call-signs and 
addresses recently received. In some cases, 
of course, the transmitters mav have been 
on the ether for some considerable time, but 
have not previously given us particulars of 
their stations. We take as our basis the list 
of amateur transmitting stations published 
in the Wireless Annual for Amateurs and 
Experimenters, and the following names and 
addresses supplements and corrects that 
list and appendix, as regards the experimental 
stations in Great Britain. 

We would urge our readers to keep us 
continually informed of any change in their 
call signs or addresses and of any new call- 
signs allotted, in order that we may keep our 
records as complete and up-to-date as 
possible. It is generally found that those 
who are most backward in furnishing 


information are the first to complain of any 

omissions or inaccuracies in published lists. 

Additional Call-Signs. 

2IT B. Walsh, “ Clovelly,” Victoria Street, 
Armagh, North Ireland (in place of E. 


White, St. John's, S.E.8), transmits on 
23, 45-90 and 150-200 metres. 


2JC G. Sykes, 13, Lingford Street, Gorton, 
l Manchester (in place of 2ADN). 

2RK C. St. V. Roper, 7, Yale Court, Honevbourne 
Road, N.W.6 (in place of A. E. Blackall, 
Surbiton). 

5IR H. Field, 62, Chertsey Road, Woking. 

sJD J. L. Wood, Stanhurst, Burntisland, Fife. 

5KR C. M. Thorpe, The Crossways, Rhuddlan, 
North Wales. 

SKU R. Pollock, 4, Glenhurst Avenuc, N.W.5 
(in place of 2APW). 

SWP W. E. Russell, 5, Walton Road, Woking 
(in place of 2AZA and in place of F. A. 
Wooldridge, Birmingham). 

SWV D. Woods, Station House, Braintree, Essex. 
Transmits on 23 and 45 metres. 

5ZG_ R.P. Hawkey, “ Tregenna,’’ Grange Avenue, 
Woodford Green, Essex (in place of H. 
Taylor, Colne). Transmits on 45 and 150 
metres. 

OMW  Lieut.-Colonel C. W. Thomas, Clifton House, 
Old Swinford, Stourbridge. 

OVZ A.E. Stephens, West View, Chewton Road, 
Keynsham, Bristol. 

OYV S. F. Evans, 3, Clarence Crescent, Whitley 
Bay, Northumberland (in place of 2BDY). 
Transmits on 45 metres. 

6oYW T. P. Allen, 19, Ardgreenan Drive, Strand- 


town, Belfast. 
metres. 


Changes of Address. 


Transmits mainly on 45 


2MD C. Chipperfield, 9, Nacton Road, Ipswich 
(lately at Oulton Broad). 

2TK K. H. Thow, 2, Victoria Road, Eltham, 
S.E.9 (lately at Tulse Hill). 

6TH C. W. Liles, “ Morningside,” Fields Road, 


Newport, Mon. 
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From the World’s Wireless Journals. 


Abstracts of Technical Articles. 


R100.—GENERAL PRINCIPLES AND THEORY. 


R125.1.—THE DIRECTION FINDING EQUIPMENT AT 
NITON AND CULLERCOATS.—J. H. Reyner 
(J.1.E.E., Nov., 1925). 

A brief description is given of the Bellini Tosi 
apparatus installed for ship work at the P.O. 
stations named. After approximate adjustment 
by bearings on known fixed stations, the apparatus 
is calibrated by radiotelegraphic observations on 
a ship, whose bearing is simultaneously determined 
by a theodolite. An error curve is thus obtained, 
and such curves for both stations are shown. 


R1I14.—LEs PERTURBATIONS ORAGEUSES DU CHAMP 
ELECTRIQUE ET LEUR PROPAGATION A 
GRANDE DISTANCE.—P. Lejay (Comptes 
Rendus, Nov. 9, 1925). 


Expressions are given for the three dimensional 
co-ordinates of the electric and magnetic fields due 
to the discharge between two thunderclouds. It 
is shown that the expression for the electric vectors 
contains a term which does not return to its original 
value after the discharge. Simply expressed, the 
discharge causes a sharp change of electric potential 
gradient. This manifests itself at considerable 
distances, and the author states that he has 
measured such variations of the order of 1 volt per 
metre at roo kilometres distance, and of several 
hundredths of a volt per metre at 400 kilometres. 
The measurements were made with a valve electro- 
meter in conjunction with a two-valve amplifier 
with resistance-battery coupling. The theoretical 
inverse cube law for such a field with distance is 
approximately confirmed. It is concluded that 
this sharp change is more harmful to a vertical 
aerial than to a frame, on account of the small 
magnetic field associated with it. 


R134.—THE RECTIFICATION OF SMALL RADIO 
FREQUENCY POTENTIAL DIFFERENCES BY 
MEANS OF TRIODE VALVES. Part I.—F. M. 
Colebrook (E.W. & W.E., Nov., 1925). 


R134.—A DETECTION COEFFICIENT.—J. J. Dowling 
and J. M. P. Higgins (Electrician, 13th Nov., 
1925). 

It is pointed out that the grid-current—grid- 
volts characteristic (over the region involved in 
grid rectification) approximates to the form 
log c=(vyt+v) tan 6, where 6 is the slope of 
the g.c.—g.v. characteristic. Curves for several 
different valves are given, log c being plotted 
against v. (cf. previous abstract.—ED.). It is then 
shown that the detecting etticiency of the valve can 
be written D= S tan ĉ, and curves are given 
illustrating the calculating of these two slopes, t.e., 
those of the anode and grid characteristics respec- 
tively. The effect of the grid (leak) resistance is 
also considered, and it is shown that, within limits, 
the larger the leak and the more positive the point 
to which it is connected, the better the rectification. 


An experimental method (approximately similar 
to that of the previous abstract) 1s described for the 
measurement of the detection given by two valves 
Si tan 61, 


S2 tan 62 
the relation to calculated values is sufficiently close. 


of calculated ratios and it is shown that 


R134.4.—REGLAGE ET MISE AU POINT DES RECEP- 
TEURS A REACTION.—M. Roller (Onde Elec., 
Oct., 1925). 


Smooth control of reaction is referred to as a 
difficult matter to obtain, and the use of a separate 
valve for reaction only is suggested. The grid 
circuit of this valve is in parallel with the amplifier 
input across the tuner inductance, and its anode 
circuit contains only a reaction coil back-coupled 
to the tuner. The advantages claimed are: (1) 
With reaction from the detector anode in the usual 
manner, the conditions for detection are not 
favourable for reaction, and it is advantageous to 
divide the work between two separate valves ; 
(2) Reaction coming from behind several stages of 
H.F. amplification, on account of curvature the 
currents fed back are not proportional to the input 
nor in phase. With a separate reaction valve a 
straight line characteristic can be used and strict 
proportionality obtained. 


R140.—Les Circuits POLY ONDES.—L. Brillouin 
and E. Fromy (Onde Elec., Sept. & Oct., 
1925). 

The articles deal with the analyses of complex 
circuits with more than one frequency. It is 
pointed out that the mathematical study of such 
multi-wave circuits becomes very difficult with 
increasing numbers of resonant frequencies. It is 
shown that these circuits can be analysed by 


“physical and graphical methods obviating com- 


plicated and different formula. The method is by 
considering the impedance curves of simple “parallel 
resonance’’ or ‘‘stopper’’ circuits, and the 
behaviour of the circuit to frequencies on each side 
of the resonant frequency. The reasoning is 
extended from a single stopper circuit to a chain 
of N such circuits of progressively increasing 
frequency. Complex circuits can all be reduced 
to the equivalent form of a single L C series circuit 
with more or less complicated stoppers in series 
with it. The stopper itself may be a simple parallel- 
resonance circuit, or a complex system capable of 
being similarly analysed into simple elements. 
Certain types of circuits are considered generally, 
and the discussion limited to the circuit of circuits 
of two frequencies. Eleven such circuits are 
finally summed up and illustrated, divided into 
three general classes: (1) Circuits consisting of an 
inductance and capacity in series with a stopper 
circuit which may be complex, semi-complex or 
simple; (2) (A) Two semi-complex stoppers in 
series with an inductance or a capacity; (B) One 
semi-complex stopper in series with a simple stopper 
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and an inductance or a capacity; (c) Two simple 
stoppers in series with an inductance or a capacity ; 
(3) Three simple stoppers im series. It is pointed 
out that the presentation given permits study of 
the change from one circuit to another of the same 
type, and that the principles shown can be extended 
to many other cases of practical application. 


R142.—ETUDE EXPÉRIMENTALE DE LA RESONANCE 
DES CIRCUITS COUPLES.—L. Ollat (Onde 
Elec., Oct., 1925). 


The article first discusses the two degrees of 
freedom which exist with coupled circuits, and 
deduces expressions for the frequencies and decre- 
ments of the two wave-lengths resulting. 

Experiments are then described for the deter- 
mination of these values from resonance methods. 
Resonance curves were obtained with the use of a 
quartz fibre electrometer (due to Gutton & Laville). 
The advantage is claimed for the method (ascom- 
pared with the more usual thermo-junction) that 
it does not introduce into the circuits a resistance 
of any considerable or (more still) of unknown 
value. A fixed tight inductive coupling (co- 
efficient = 0.957) is first considered, and the curves 
obtained are illustrated. The values obtained by 
experiment and by calculation are shown to be in 
very close agreement. A table for variable induc- 
tive coupling is then given, the coefficients of 
coupling being from 0.64 to 0.052. Measured and 
calculated values of the two wave-lengths are 
shown side by side, again in good agreement. 
Lastly is considered the case of two circuits elec- 
trostatically coupled. Expressions are derived for 
the two wave-lengths in this case, apd a table 
compares measured and calculated values. 


R300.—APPARATUS AND EQUIPMENT. 


R342.2.—UBER WIDERSTANDSVERSTARKER (RESIS- 
TANCE AMPLIFIERS).—M. v. Ardenne and H. 
Heinert (Zeitschr. f. Hochfreg., 2th Nov., 
1925). 

A useful contribution to the literature of resistance- 
capacity amplification. After developing expres- 
sions for the voltage release in a resistance-capacity 
coupled system, the use of a resistance of the order 
of 1 megohm in the anode circuit is recommended. 
Tests using such a resistance, actually of 0.82 
megohm, are described. The resistance used was 
tested for stability of ohmic value, curves being 
given for its performance along with three other 
resistances which showed considerable change. 
With a resistance of this value in the anode, a 
circuital characteristic curve (anode circuit current 
against grid voltage) shows a length of steep straight 
on the negative (g.v.) side, rapidly flattening out 
to horizontal as the grid becomes positive. Such 
curves are shown for three valves, two being 
Telefunken three-electrode valves, and the third 
a Philips dull emitter four-electrode valve. They 
give respectively a length of completely straight 
characteristic of (1) + 5 input volts, centred on —3, 
with amplification of IO; (2) + 10 input volts 
centred on —8, with amplification of about 5; 
(3) Just over + 1 input volt, centred on —1, with 
an amplification of about 60. The arrangement is 
recommended for L.F. amplification free from 
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distortion, frequency-output curves being given 
for such a three-stage amplifier compared with 
several others, transformed coupled. Another 
point of novelty recommended is the use of .ooo 3uF 
coupling condensers (even for L.F. purposes) in 
place of the customary much higher values. It is 
also said that the filament can be kept much duller 
than with the more usual values of anode resistance, 
the smaller values of both filament and anode 
current representing economy both of valves and 
batteries. 


R351.—CRYSTAL ĈONTROL FOR AMATEUR TRANS- 
MITTERS.—John M. Clayton (Q.S.T., Nov., 
1925). 

The general principles of the Piezo electric crystal 
are first stated, with its use as an oscillator or reson- 
ator. A description then follows of the preparation, 
mounting, etc., of the crystal. The application of 
the crystal to an oscillating circuit is then shown, 
followed by the application of the system to a 
transmitting aerial, as a “ master oscillator.” 
Illustration and description is also given of the use 
of a crystal with a two-valve transmitter using 
self-rectification to give full wave rectification from 
a 60 cycle supply. It is stated that the tendency 
of the crystal to remain in oscillation helps to smooth 
the intermissions of the supply voltage, giving a 
steadiness of received note equal to a pure D.C. 
supply. An extension of this system is shown, 
adding a power amplifier also supplied by the same 
A.C. transformer to the previous transmitter. 

The article concludes with general remarks on 
the care and general handling of the crystals. 


R.351.—NAVY DEVELOPMENTS IN CRYSTAL Cox- 
TROLLED TRANSMITTERS.—John M. Clayton 
(Q.S.T., Nov., 1925). 


A short description of the work done at the 
U.S. Navy Research Laboratory at Anacostia, 
D.C., on the control of transmitter frequencies by 
Piezo-electric crystals. The first attempt was a 5- 
watt crystal controlled oscillator followed by power 
amplification to give IO watts in the aerial on a 
wave-length between 500 and I 000 metres. The 
gradual increases of power later effected are des- 
cribed, the latest set achieved being one which 
deliver iokW to the aerial at 25.5 metres. The 
crystal actually works at 51 metres, the first 
intermediate power amplifier acting as a frequency 
doubler. Information as to power supply and 
general arrangements is given. A 71.3 metre 
transmitter, crystal controlled, is also described. 
This normally delivers 1okW to the aerial, but 
it has at times been used for nearly 15kW aerial 
outputs. 


R355-5-— THE RAYTHEON RECTIFIER.—M. Penny- 
backer (Q.S.T., Nov., 1925). 


After discussing certain fundamental principles 
of conduction through gas, this article shows the 
application of the principles stated to the design of 
the Raytheon Rectifier Tube. This tube is intended 
to give double wave rectification from an A.C. 
supply for receiving H.T. voltage. A large cathode 
supplies two anodes, each dealing with the opposite 
half-waves. The discharge points of the anode are 
very small and are within the inner hollow of the 
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cathode, from which they are separated by a very 
short distance (whose value is not stated). A 
circuit diagram with filter details is given, also a 
curve showing the variation of output voltage with 
load current. It is stated that under continuous 
operation at 50 milliamperes there has been no 
sign of diminishing life after 10 ooo hours. 


R374.1.—SOME RECENT RESEARCH ON CRYSTALS. 
. P. McHutchison and G. T. MacLeod 
(E.W. & W.E., Nov., 1925). 


R388.— MEASUREMENTS IN ELECTRICAL ENGINEER- 
ING BY MEANS OF CATHODE Rays.—Prof. 
T. MacGregor Morris and R. Mines 

(J.L. E.E., Nov., 1925). 


An extensive survey of the present position of the 
cathode ray tube, both from the point of view of the 
instrument itself, and of its application to practice. 

The paper is divided into three parts and an 
Appendix. 

Part I. first deals with two dimensional methods 
of measurement, more particularly oscillographic 
and cvclographic. In the former only one of the 
components is under the control of the unknown 
variable quantity, the second component having 
the sole function of introducing the time co-ordinate. 
In the latter method each of the components is 
under the control of the variable, although com- 
monly one is controlled so that it is a known function 
of time. The paper then deals with the develop- 
ment of instruments for delineating rapidly varying 
quantities, leading up to the use of the “jet” 
principle and to the production of cathode rays in 
vacuum discharge. The general phenomena of 
discharge through gas of diminishing pressure are 
discussed and well illustrated by a table summarising 
the effects from an atmosphere down to I-IO 
millionths of an atmosphere. Next are reviewed 
the generation of cathode rays and their application 
to clectrical measurements, more especially their 
amenability to deflection by electrostatic and 
magnetic fields. Part I. concludes with an account 
of the development of the jet or pencil of cathode 
rays, illustrated by earlier cold cathodes (Thomson 
and Braun) and by the development of the heated 
(Wehnelt) cathode. 

Part II. covers the development of the electron 
jet instrument. M is largely historical, giving 
illustrations of various types of cold cathode, 
leading up to the modern cold-cathode oscillograph 
of Dufour. The heated cathode is then reviewed, 
with illustrations and information of the former 
lime-spotted cathode, and the bare tungsten 
(Coolidge) and the coated filament (Western Electric) 
type. Methods of focusing the jet are then des- 
cribed, divided into (A) electromagnetic, e.g., 
focusing coil; (B) electrostatic, including the tonic 
arrangement of the W.E. tube, and (c) geometric. 
Indicating and recording are discussed from the 
use of a fluorescent screen with visual observation or 
external photography to the use of internal photo- 
graphic plates. Time scale systems are then 
discussed with illustrations, more particularly of 
some of Dufour's classical methods of obtaining 
records of high and very high frequencies. « 

Part II. briefly reviews limitations and directions 
for improvement, the greatest need voiced being 
that of improved detlectional sensitivity. 
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The Appendix (by R. Mines) is chiefly mathe- 
matical, and contains some useful expressions for 
the deflection of a jeteby electrostatic or magnetic 
means, with series curves facilitating determinations 
of these for electron beams produced under different 
accelerating voltages. 


A very complete bibliography covering tube 
technique and applications is appended. 


R388.— THE CATHODE RAY OSCILLOGRAPH.—Dr. A. 
B. Wood (J.I.E.E., Nov., 1925). 


The advantages of the cathode ray oscillograph 
are briefly stated, followed by a note on cathode 
rays, with expressions for their velocity, deflection 
in an electrostatic field and deflection in an electro- 
magnetic field. The paper then discusses voltage, 
current and photographic sensitivities, with a table 
showing the penetrating power of the rays according 
to their accelerating voltage. Three recent com- 
mercial forms of oscillograph are described. These 
are (A) The high voltage—circ. 60 ooov.—cold 
cathode tube of Dufour; (B) The medium voltage 
— 3 ooov.— tube due to the author; (c) The low 
voltage— 300v.—tube of the Western Electric 
Company. These are discussed under the headings 
(i.) Electrostatic sensitivity; (ii.) Magnetic or cur- 
rent sensitivity ; (iii.) Photographic sensitivity ; 
(iv.) General. The author's statement of the respec- 
tive ratios for the first three can be tabulated as 
follows :— 


Accelerating Voltage. 


30 000 3 000 300 
(1.) 1 10 100 
(ii.) I Vio IO 
(iti.) I 1072 1074 


The paper concludes with a brief statement of 
a few of the many applications of the cathode ray 
oscillograph, with illustrations showing records 
made by each of the three types discussed. 


R358.—THE USE OF THE CATHODE Ray TUBE AS 
A WATIMETER AND PHASE-DIFFERENCE 
MEASURER FOR HIGH FREQUENCY ELECTRIC 
CURRENTS.- -Prof. J. A. Fleming (J.I.E.E., 
Nov. 1925). 


The paper gives expressions for the closed curve 
(€.g., an ellipse) obtained when two E.M.Es. of 
the same frequency and of a constant phase dif- 
ference are simultaneously applied to the two pairs 
of deflecting plates of a cathode ray oscillograph, 
that of the Western Electric Company being 
specifically mentioned. It is shown that if one 
deflection be due to high frequency current, and 
the other to the voltage producing the current, the 
trace of the spot can be used to find the phase 
difference between the two, and therefore the power 
expended in the circuit, the arrangement becoming 
an H.E. wattmeter more convenient than any 
electrostatic quadrant form. 
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Correspondence. 


Letters of interest to experimenters are always welcome. 


In publishing such communications 


the Editors do not necessarily endorse any technical or general statements which they may contain. 


Transformer Curves. 
The Editor, EW. & W.E. 


Sir,—I have followed with interest the corre- 
spondence with reference to transformer curves. 
I have carried out very considerable experimental 
work with many low frequency transformers, 
and find that there is no appreciable change in 
amplification between input voltages of .or and 
.o7 volts, thus agreeing with the figures given by 
Mr. P. W. Willans. 

This disposes, I think, of Mr. Appleton's con- 
tention, and my considered opinion is that any 
amplitier, to be reasonably perfect, should amplify 
all frequencies between 50 and 10 ooo cycles equally. 
This is somewhat ditħcult to attain, but no doubt 
the British Broadcasting Company in their trans- 
missions approximate closely thereto. 

I am glad to see Mr. H. H. Dyer's letter asking 
for information on the amplification of transformers 
beyond the ranges usually given. I enclose here- 
with a leaflet giving the amplification curve of 
a make of transformer in which I am interested as 
designer, for the range of frequencies from 50 to 
8000. As there will probably be dithculty in 
finding space to reproduce these curves in your 
Journal, the following figures may be of interest :— 

The measured amplitication of this transformer 
with a D.E.R. valve is— 


17 at 50 periods per second. 
24 os IGO 1 2° os 
32°5 ed 300 ,» a» pe 
33-3 pe 500 ed , ,» 


keeping at this value until a frequency of 
6000 is reached. At this point it falls 
off slightly till at 8 ooo it is 30. 


I consider that this transformer is a great step 
towards perfection, approaching in properties the 
transformers used by the British Broadcasting 
Company, referred to in the last-but-one paragraph 
of Mr. H. L. Kirke's letter. 


The Editor, EW. W.E. 


SIR,—Mr. W. A. Appleton in his letter in your 
November issue states that “ when the input 
energy applied to a transformer is below a certain 
value, the amplification factor practically 
disappears. ” This statement, if correct, 
certainly has an important bearing on the operation 
of intervalve transformers in practice. But is 
there any experimental evidence for this? If so, 
it would be of great interest to have it set forth. 

If it were so, it would mean that the permeability 
of the iron fell away to an exceedingly small value 
at very low inductions. This, however, does not 
appear to be the case. Tests made on a certain 
type of transformers, in which I am interested, down 


to one millivolt across the primary, show the 
maintenance of high impedance (and ratio). 
Further, permeability measurements at so low an 
induction density as one gauss (or I line per sq. cm.) 
indicate that the iron maintains a permeability 
in the neighbourhood of zoo at vanishingly small 
A.C. magnetic forces. 


The Editor, EW. & W.E. 


SIR—I am astonished at the number of 
correspondents who disagree with my contention 
regarding L.F. transformer performance having 
minute input values. 

I segret that the curves of P. W. Willans were not 
published, as from the editorial note they showed 
no change in amplification with strength between 
input voltages of .or and .035 volts. lf these 
figures as produced in the editorial note are correct, 
I do not regard them as having much effect upon 
my theory, as these values are well within the 
limits of laboratory measurements and are many 
times greater than the values I have been considering 
and which in my opinion are all important. 

There is one suggestion I would like to make to 
these correspondents, and this is, that they should 
compare the amplification factor of resistance 
capacity coupling against a similar number of 
stages of transformer couplings, for inputs at 
various frequencies which can be reduced well 
below initial audibility, using any well-known 
make of L.F. transformer. My experience has 
shown me, that where a transformer-coupled 
amplifier has a higher amplification factor for a 
fairly reasonable value of input than a resistance- 
capacity-coupled amplifier, with much smaller 
values of input, the amplification factor of the 
transformer-coupled unit will become gradually 
decreased and a point can be reached where the 
resistance-coupled unit amplifies to a greater 
extent than the transformer-coupled unit. 

Dr. H. Kroncke, in the issue of 23rd September 
of the Wireless World, quotes Manfred von 
Ardenne and H. Heinert and makes the following 
statement : 


“The fact that the old transformer amplifiers 
have a fairly large consumption of power was 
made manifest by the consideration that a 
transformer with an iron core cannot be worked 
by a current below a certain strength.” 


It is owing to the above fact that it has always 
been considered, in telegraph receivers, better to 
employ the air core choke or resistance-capacity- 
coupled stage before an iron core I... transformer- 
coupled stage where distinctly inaudible signals are 
to be amplitied. 

An interesting experiment can be made in testing 
this theory by reversing the position of two such 
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units in an amplifier designed for one resistance- 
capacity coupling and one L.F. iron core transformer 
coupling. It would .be of no use, however, if 
relatively strong signals only were used when 
making the test. 

Neglecting for the moment the application of 
transformers to valve circuits, I would ask each 
of those correspondents if the losses in iron core 
transformers are proportionate to the input and 
output values ? Furthermore, statements are 
made from time to time as to certain transformers, 
which possess a straight line curve, in fact, almost 
straighter than that which can be drawn by means 
of the common ruler. In order to produce such a 
straight line, it is essential that the constants of the 
transformer can adapt themselves to each frequency 
which is applied to its terminals. Theoretically, 
the inductive reactance, stray capacity reactance 
and other factors must bear some constant relation 
to the valve impedance with which it is used, for 
any frequency between the points chosen. In 
other words non-reactive! How this state of 
affairs is obtained I must confess I do not know, 
as I have submitted various alleged straight line 
curve transformers in sealed boxes to independent 
authorities and the results given by them have hot 
coincided with the straight line curve originally 
attributed. 

Have my critics a formula which produces one 
set of suitable transformer characteristics constant 
for all frequencies and therefore makes possible a 
definite design which will produce a straight line 
curve ? 

I should like to state that we have wound almost 
every conceivable form of transformer coil with a 
view to arriving at what we consider the best 
compromise, as a suitable compromise according 
to the natural order of things is all that can be 
hoped for up to the present. 

I am afraid that the anecdotes of our old 
antagonist W. D. Owen are not helping to solve 
the problem, and unfortunately as I am personally 
representing a commercial company, I have to 
suspect the presence of vested interests in some of 
the criticisms. 

With regard to W. D. Owen's conclusion that a 
debate should be arranged in public, this l am 
afraid is impossible unless the commercial interests 
of all the persons conducting the debate could be 
completely eliminated. 

Regarding the last paragraph of Mr. Kirke's 
letter, all readers will be amazed to hear a B.B.C. 
staff member recommend the elimination of the 
already too weak low notes in order to level up 
the overall reproduction. 

With special reference to Mr. H. H. Dyer's 
remarks, I think, after a little misunderstanding 
regarding reference to harmonics is cleared up, 
that I may state that his views seem to me 
similar to our own, and as expressed are the most 
reasonable. 

Whether our theorv is correct or not, or whether 
the curves are applicable in their fullest meaning 
or not, is of secondary value to this all-important 
point, and this is, are the transformers which 
result from these thcories of any value, or are 
the manufacturers obtaining the purchasers' money 
under false pretences ? 

W. A. APPLETON, 
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Screening of Small Variable Air Condensers. 
The Editor, EW. & W.E. 


ŜIR.-—I should like to make a comment upon 
Mr. D. A. Oliver's article “ The Screening of Small 
Variable Air Condensers '' in the December issue 
of your Magazine with reference as to whether the 
screen should be earthed, connected to either of 
the sets of plates, or left insulated. 

In my opinion the 
best is to earth the 
screen in all cases, 
for the following 
reasons: In wireless 
receivers the main 
object of screening a 
condenser is to ensure 
that the capacity both 
between the two sets 
of plates and between 
them and earth shall 
remain constant for a 
given setting, irrespec- 
tive of the variable 
proximity of any con- 
ductor, such as the 
human hand. Taking 

the case of the con- 
denser in a parallel-tuning aerial circuit as an 
example, one set of plates is connected to earth 
and the other to the aerial. When there is no 
screen the capacity to earth is increased as the 
hand, etc., which is at earth potential, is brought 
nearer. When there is a screen either insulated or 
connected to the aerial set of plates the effect is as 
with no screen but slightly increased. This is 
shown in the figure, where S is the screen and H 
the operator’s hand. When the screen is insulated 
the aerial plates have a fixed capacity (for a given 
setting) to S, which has a variable capacity to 
H, i.e., to earth. Thus the aerial-earth capacity 
can vary by moving H without the setting of the 
condenser being varied. This effect is increased 
if the screen 1s connected to the aerial. If however 
the screen is earthed the proximity of the hand can 
make no difference, for it is at the same potential 
as the screen. 


In the case of anode condensers and all other 
condensers the same argument holds and it 
would therefore seem advisable to earth all 
screens in whatever part of the circuit they may 
be used. 


There is a problem that has been puzzling me 
for some time that would also probably interest 
your readers. Perhaps we could have an article 
explaining it in the near future. 

The question is: How does the series variable 
condenser tune a receiving aerial circuit ? 

I am still looking forward to the series of articles 
on elementary circuit calculations and on setting 
up a wireless laboratory promised in the March 
Editorial and hope they will soon appear, as well 
as some articles on special branches of mathematics 
as hinted in the same Editorial. 


R. Kay GRESSWELL, F.R.A.S. 


Lynn Garth, 
Grange Road, Southport. 
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Patents. 
The Editor, EW. & W.E. 


Sir,—With reference to your notes under 
“ Editorial Views ” (Dec. E.W. & W.E.) it is 


apparently wrong for anyone to construct a set' 


(infringing patents) for musical entertainment. 
It appears to me that there must be some thousands 
of people who have built their own sets and how 
were they to know what patents were in force and 
what not? I quite appreciate your views, but 
doubtless your intended article by a patent agent 
will throw much light on the “ constructor’s ”’ 
position. If articles are published containing 
instructions, “ How to build a ” and this 
include certain patents, there seems to be no reason 
why such sets cannot be built by the amateur, 
and this is in opposition to your statement. 

With reference to your notes some time ago re 
instruction in mathematics, I should like to say 
that 1 am very much in favour of such articles 
being given. I have made extensive search but 
I have not yet come across a textbook suitable 
for use with wireless. I am aware that an outline 
of mathematics can be obtained from elementary 
textbooks, but their direct application to matters 
radio seems to present some difficulty at first. 
Take, for example, the excellent series of articles by 
F. M. Colebrook ; some knowledge of mathematics 
is necessary for a complete understanding, and 
some lines of reasoning seem too deep to follow 
and have to be taken for granted or put aside as 
unintelligible. This, of course, may not be every- 
one's opinion, but to my mind some articles of 
this type would be greatly appreciated by many. 

Trusting that this suggestion may be of some 
use, and wishing the E.W. & W.E. every success. 


C. F. SCALES. 


Sunnyside, Oxney Green, 
Writtle, Essex. 


Abstracts in Esperanto. 
The Editor, E.W & W.E. 


Sır, —IĪn your last issue you had an admirable 
“leaderette”” entitled “ Why we give space to 
Esperanto.” In your remarks you stated that the 
articles and abstracts now appearing are not 
primarily intended for British readers, but were 
provided for your many foreign readers, and you 
mentioned that possibly in the future there would 
be an international arrangement amongst leading 
wireless technical journals in ditterent countries to 
publish Esperanto abstracts of their own contents. 

In this connection may I be permitted to refer to 
an important Congress which has recently taken 
place in Paris. It was the first International 
Congress of the Technical Press, under the patronage 
of the President of the French Republic. Delegates 
from the most important technical gazettes in a 
number of countries took part in the discussions, 
amongst which was one entitled “Should the 
technical Press favour the development of Esper- 
anto, the International Language ? ” 

A special commission was appointed to consider 
this question under the Presidency of M. André 
Baudet, Member of the Paris Chamber of Commerce. 
The report of this commission was duly presented 
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to the Congress, and after a discussion the fol- 
lowing resolution was carried :— | 

“ Considering the very favourable results to 
Esperanto of the Congress which took place last 
May in Paris, attended by delegates of 171 
Chambers of Commerce, 10 Governments, 14 
commercial fairs, and 208 business enterprises 
belonging to 33 different countries, as well as the 
representatives of more than 140 scientific 
and technical institutions belonging to some 20 
countries ; 

“ Considering the great difficulties encountered 
in dealing with publications on account of the 
increasing number of technical and scientific 
works published in various languages ; 

“ Considering that an international language 
commonly used, whether for the editing of original 
articles, or at least for the publication of abstracts 
of articles, would simplify considerably the work 
of documentation ; 

“ Considering that Esperanto, the use of which 
has penetrated into commercial circles, thanks to 
its qualities of clarity, simplicity, and richness of 
expsession, appears to be easily adaptable to the 
needs of technics and science ; 

“The first International Congress of the 
Technical, Commercial, and Agricultural Press 
resolves : 

“1. That Esperanto should be used in the 
Technical Press at „least for the publishing of 
abstracts, which should follow the publication 
of all articles and original works in journals and 
reviews of the whole world ; 

“2. That Esperanto should be accepted as an 
official language on the same level as the national 
languages, in the International Congresses of the 
Technical Press.” 


17, Chatsworth Road, 
London, E.5. 


HARRY A. EPTON, 
Secretary. 
Internacia Radio-Asocio. 


Howling in Short-Wave Receivers. 
The Editor, EW. W.E. 


SIR,—With reference to Mr. Robinson's remarks 
on the howl in short-wave receivers (p. 770). Com- 
pare E.W. & W.E., p. 323, March, 1924. Inde- 
pendently, I described this in February, 1925, in 
Revista Telegrifica, of Buenos Aires, giving the 
same explanation. There is no doubt that the 
howl is built up of the clicks caused by entering 
and leaving oscillation. 

The remedies are to increase reaction; decrease 
the grid-leak value, and (sometimes) touch some part 
of the circuit (in manv case, the filament rheostat 
of the L.F. valve). This is only the case when 
wearing headphones, but the howl is not trouble- 
some with loud-speakers. (The reason for this is 
obvious, but I am not satisfied with any explanation 
I have built up as regards the occurrence on short 
waves only.) 

With reference to p. 773, the signals of this 
station on 48 metres are very weak (R2-3) to ChzLD 
and strong (R7-8) to Ch4RM. Both receivers are 
in the city of Santiago, some 50 miles away. 

R. RAVEN-HART, M.1.R.E. (ChgTC.) 

Los Andes, 

Chile. 
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Some Recent Patents. 


AN ELECTRICAL ALLOY. 
(Application date, 11th June. No. 240,895.) 


The composition of what appears to be a very 
useful electrical alloy is described in the above 
British Patent by the Western Electric Company, 
Limited. The alloy is intended for the manufacture 
of contacts, which are normally subjected to con- 
siderable frictional wear, and also arcing, such as 
the wiping type contact. Accordingly, the alloy 
is of a phosphor bronze nature, being composed 
chiefly of copper to which is added 4 to 5$ per 
cent. of tin, and from 1 to 4 per cent. of lead and 
a trace of phosphorus. The specification states 
that a wiping contact made of this alloy shows 
little effect of wear and tear after 5 000 ooo make- 
and-break operations, whereas with a normal 
bronze spring it is useless after about 3 000 ooo. 


A VALVE COOLING DETAIL. 


(Convention date (Holland), 24th January, 1924. 
No. 228,130.) 


A rather interesting point in connection with the 
cooling of high power valves is disclosed in the 
above British Patent granted to N. V. Philip’s 
Gloeilampenfabrieken. It is well known, of course, 
that the anode of a high power water-cooled valve 
is at a very high potential with respect to earth, 
and means have to be provided for insulating the 
cooling system in some way or other. In some 
cases the cooling water is broken up into a fine 
spray so as to present an infinitely fine resistance. 
In another method the cooling water is supplied 
through very long thin insulating tubes. It has 
been found, however, that a certain amount 
of leakage results which produces electrolysis, 
particularly at the outer surface of the anode, 
which becomes oxidised, and is liable to be rendered 
porous, and thus useless. A rather ingenious 


method of overcoming this difficulty is shown in 
It will 


the accompanying illustration. be seen 
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that a water-cooled anode A of a high power 
valve V is located within a chamber C containing 
the cooling water W. The cooling water is supplied 
through an earthed metal tube 7,, which com- 
municates with a long rubber tube R,, the outlet 
of the system being through a similar rubber 
tube Rz and an earthed metal tube Ts. Instead 
of connecting the ends of the rubber tubes directly 
to the water jacket, metal tubes M are inserted, 
and these are connected as shown to the metallic 
water jacket C. For all practical purposes the 
potential of the anode A and the water W in the 
jacket J and the metal tubes M is the same, and 
thus any electrolytic action which may occur will 
be confined to the metal tubes M, since they are 
nearer the earthed tubes T. Thus if any electrolysis 
occurs the tubes M can readily be replaced without 
any material cost or damage to the expensive 


valve. 
LA 


AN INSULATING MATERIAL. 
(Application dates, 31st July, 1924, and 20th 
January, 1925. No. 241,993.) 
The composition of an insulating material which 
would appear to be of use for certain wireless pur- 
poses is described by C. Pickstone, J.P., in British 
Patent No. 241,993. The composition is composed 
essentially of powdered slate, rubber, bitumen, 
and vulcanising material such as sulphur. The 
composition is prepared by mixing slate waste, 
which is finely powdered, with similarly treated 
rubber and bitumen. The ingredients are mixed 
together and heated, after which the sulphur 
is added, when vulcanisation is carried out to the 
desired degree of hardness. lt is stated that 
the resulting composition can be bufted or polished, 
or given a matt surface, and can also be combined 
with colouring matter. lt would be interesting 
to examine the electrical properties of this com- 
position, as it is very difficult to predict how it 
will perform from a knowledge of its separate 
constituents. 


A SCREENED AERIAL SYSTEM. 


(Convention date (Germany), 11th September, 1923. 
No. 221,825.) 


A selective method of reception depending upon 
the screening of an aerial system is disclosed in 
British Patent No. 221,825 by the Telefunken 
Gelleschaft für Driihtlose Telegraphie M.B.H. 
The arrangement is indicated schematically in 
the accompanying diagram. It is assumed that 
the desired signals are coming from the direction D, 
and are to be received on the aerial system4 ,, Ly, €;. 
It is further supposed that the unwanted signals 
are coming from the direction U. Accordingly, 
another aerial system 43, Le, C2 is arranged so 
that the aerials 4, 44 and the direction of the 
unwanted station he in the same plane. The aerial 
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circuit A, is very critically tuned to exactly the 
same frequency as that of the aerial circuit A. 
The two are coupled together by an intermediate 
aperiodic circuit J. It states in the specification 
that it is very important that the phase of the two 
circuits be accurately adjusted. When the dis- 
turbances from the direction of U fall on the aerial 


Ao 


| 


L 
c 
+ + 


system the system A: screens the system 4. 
Another important detail of the invention is that 
the aerial A ; is less than a quarter of a wave-length 
from the aerial A, which enables the system to be 
located within a small area. No extensive details 
are actually given in the specification of the 
manner in which the scheme operates. 


A, 


L, U 


A MULLARD FILAMENT. 
(Application date, 1st August, 1924. No. 241,996.) 


An interesting dull emitter filament is described 
by S. R. Mullard and The Mullard Radio Valve 
Company, Limited, in British Patent No. 241,996. 
Briefly, the invention consists in forming a dull 
emitter filament in the form of a tube of highly 
active material which is slipped over a wire support 
which is used as a heating device. One form of 
the filament is made in the following manner: 
The foundation or core is of tungsten wire, which is 
drawn in exactly the same manner as an ordinary 
flament. The coating or tube is built up from a 
mixture of molybdenum or tungsten powder with 
6 or 7 per cent. by weight of thorium. This 
may be mixed into a paste and squirted through a 
die, after which the resulting tube is heated to a 
high temperature and sintered in an atmosphere of 
hydrogen. The tube thus formed is slipped over the 
tungsten wire core which is suitably adjusted in 
size and used as a supporting medium. It is stated 
in the specification that it is only necessary to 
heat the core to a very moderate temperature in 
order to obtain sufficient electronic emission from 
the prepared tube. 


CONTROLLING RETROACTION. 
(Applicaison date, 21st July, 1924. No. 241,618.) 


A method of controlling retroaction is described 
in the above British Patent which has been granted 
to P. W. Willans. It is well known that the effect 
of retroaction is to overcome or neutralise the 
effective resistance of a circuit. Instead of varying 
the degree of retroaction between the anode and 
grid circuits of a valve receiver, the method indi- 
cated in the accompanying illustration is employed. 
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It will be seen that an aerial circuit consisting of 
C,L, is connected between the grid and filament 
of the valve V. The anode circuit contains the 
usual reaction coil L3 and the telephones T. In 
addition, a variable resistance R is shown connected 
across the input circuit. It will be obvious that 
the ohmic value of this resistance will control the 
amount of retroaction necessary to bring the system 
to the point of oscillation, or in other words wilt 


determine the amount of coupling necessary 
between the coil L, and the coil L,. Thus it 
will be seen that it is possible to fix the coupling 
between the two inductances, and merely vary the 
retroaction by adjusting the value of the resistance 
R. Readers will know, of course, that the idea 
of varying the degree of retroaction by means of 
an adjustable resistance is quite old, a receiver 
operating by virtue of this principle having been 
described in the earlier issues of E.W. & W.E. 


A VIBRATING ELECTRODE. 
(Application date, 9th July, 1924. No. 240,920.) 


A rather peculiar valve is described in the above 
British Patent by E. T. Fisk. The object of the 
invention is to control the anode current of a 
thermionic valve by mechanically varying the 
position of the control electrodes with respect 
to the filament. The 
specification is fairly de- 
taled, and describes. 
several alternative em- 
bodiments of the inven- 
tion, but that shown in the 
accompanying illustration 
serves to indicate the 
novelty of the idea. It 
will be seen that a valve 
V contains the usual fila- 
ment F anda gap or semi- 
circular anode 4 and a 
particular form of grid or 
control electrode G. This 
is attached by a link L 
to an armature R which 
is supported on a resilient 
member M. The arma- 
ture R, which is within the 
valve, is in close proximity 
to the glass wall, against 
electromagnetic winding 


1S 
W. Thus it will be seen that currents passing 
through the winding W will attract the armature 
and cause the control electrode to vibrate, there- 


which placed an 


by modulating the output of the valve. In another 
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modification the control electrode is caused to 
vibrate simply by the sound waves impinging 
upon the surface of the wall of the valve, which 
can be specially constructed for that purpose in 
the form of a tympanum. 


SELECTIVE FILTER CIRCUITS. 


(Convention date (U.S.A.), 9th August, 1924. 
No. 238,211.) 


‘It is well known that it is possible to obtain 
almost any degree of separation of currents of 
various alternating frequencies by means of filter 
circuits, such as high pass filters, low pass filters, 
and band filters, comprising essentially inductances 
and capacities arranged in T or Tw formation. 
A method has been patented by the Westinghouse 
Electric and Manufacturing Company in the above 
British Patent No. 238,211. It is well known 
that the effect of the resistance upon the attenua- 
tion of a filter section depends upon the ratio of 
2nfL and R and is given by the ratio 2afL/R. 
Obviously, then, by reducing the resistance greater 
efficiency is obtained. It is, further, well known 
that the effective resistance of a circuit can be 
reduced substantially to zero by connecting it 
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to a negative resistance device such as a retro- 
actively coupled thermionic valve. Thus in the 
accompanying illustration, which shows a 7 section 
filter, we have the ordinary circuits L, C,, L: Cs, 
L, Cy, and L, Cy. The circuit L C4, however, 
is connected across the grid and filament of a 
valve V which contains in its anode circuit the 
inductance Lg, retroactively coupled to the induct- 
ance L,.. Thus it will be seen that the effective 
resistance of a section, L, C4, is reduced sub- 
stantially to zero, thereby materially increasing 
the efficiency of the circuit. It will be remembered 
that an almost identical application in the form 
of the well-known Hinton rejector circuits, in 
which retroactively coupled valves were associated 
with ordinary series acceptor or rejector circuits, 
aa been used very successfully by the Post 
ce. 


A DOUBLE ANODE VALVE. 
(A pplication date, 23rd July, 1924. No. 240,944.) 
The construction of a valve with a double anode 
particularly designed to be used with a loop fila- 
ment is described in the above British Patent by 
The General Electric Company, Limited and A. C. 
Bartlett. Instead of makingone large flat anode and 
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providing a loop filament 
totally enclosing it, the 
arrangement shown in the 
. accompanying illustration is 
adopted. It will be seen 
that the filament F is 
arranged in the form of two 
vertical wires, which are 
supported by a link L 
attached to a horizontal 
upright U. The anode 
consists of two cylinders C 
attached to their respective 
supports S, or while in 
another modification it is 
made from one piece of 
metal, a small bap being 
left as shown at in the 
lower half of the illustraion. 
Readers will mno doubt 
remember having seen a 
patent specification some little while ago referring 
to an almost identical arrangement by the 
Mullard Radio Valve Company. 
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A PECULIAR AMPLIFIER PATENT. 
(Application date, oth July, 1924. No. 241,257.) 


The accompanying diagram illustrates the 
substance of British Patent No. 241,257, granted 
to H. Green in respect of amplifier circuits. Re- 
ferring to the accompanying illustration it will 


be seen that two valves A and B are intended to 
be used as low frequency amplifiers, the anode 
circuit of the valve A being coupled to the grid 
circuit of the valve B by means of a choke X and 
coupling condenser C. The grid circuit of the 
valve B comprises a choke Z and a grid battery 
M. A claim is made in the’ specification for 
using a choke in the anode circuit of one valve 
followed by a choke in the grid circuit of the next, 
and a further claim is made for using chokes of 
similar value. It is stated that 1H may be 
used with LS5 type valves. Frankly, we do 
not see very much novelty in the invention. The 
idea of using a choke as a coupling medium in the 
anode circuit to the grid of the next and also of 
using a choke in place of a resistance in the grid 
circuit is not new. We find them in ordinary 
choke transmitters provided with choke-coupled 
sub-controlled valves, and the patent appears to 
be of an exceedingly limited nature. 
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For the Esperantists. 


Distordado. 
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En tiu-ĉi parto, oni pritraktas la demandon pri distordo, kaŭze 
de Laŭtparoliloj, kaj donas kelke da konsiletoj pri ĝia evitigo. ` 


PARTO VIA. 


MALLONGIGOJ : A.F., Alta Frekvenco; M.F., Malalta 
Frekvenco; A.T., Alta Tensio; M.T., Malalta 
Tensio; K.K., Kontinua Kurento; A.K., 
Alterna Kurento. 


FUNKCIO DE LA LAUTPAROLILO. 


NTAŬAJ artikoloj en la nuna serio 
A traktis pri la amplifikatoro, ankaŭ 
pri la detektoro. Ni nun diros kelkajn 
vortojn pri la laŭtparolilo aŭ telefonilo. 
Oni devas unue tutklare kompreni, ke ni 
nun alvenas al tre malfacila parto de la 
temo, se ni deziros trakti ĝin profunde. 


Gis nun niaj problemoj estis problemoj 
elektraj. Ni penis produkti elektran kurenton 
de tia forto kaj frekvenco, kiu sekvos precize 
(sed multe grandigite) la forton kaj frekven- 
con de la modulo ĉe la antena kurento. 
Sed nun ni devas komenci pensi pri aeraj 
ondoj kaj ilia efekto ĉe l'orelo. Ni deziras 
produkti aron da aerondoj, kiu produktos 
ĝuste la saman efekton ĉe Vorelo, kiel farus 
la originala muziko, se ni estus en la brod- 
kastejo mem. Nature, ni unue demandas, 
kiel guste aŭdas la orelo, kaj kiaj ĉe ĝi 
la efektoj de variantaj aerondoj. Sed 
bedaŭrinde la demando ne ankoraŭ estas 
solvita. 

Aparte de tiu-ĉi ĉefa malfacileco, ni devas 
rigardi la fakton ke, kreante la aerondojn, 
kiuj trafas la orelon, la laŭtparolilo ne 
funkcias sole. Ehoj el la muroj de la 
ĉambro en kiu ni troviĝas havas grandegan 
efekton ; tiel, laŭtparolilo, kiu donas bonegan 
rezulton en unu ĉambro, eble sin kondutos 
tute malsame en alia. 

Kaj ni ne povas eviti ĉi tiujn malfacilajojn 
per uzo de telefonilo, ĉar ekzistas konvinkigaj 
kaŭzoj por supozigi, ke telefonilo ne povus 
doni perfektajn rezultojn, eĉ se ili estus 
perfektaj elektre. Ni aŭdas la originalan 
prezenton pere de liberaj ondoj en la aero, 
guste kiel ni aŭdas laŭtparolilon. Telefonilo, 
kontraŭe, kiam portita laŭkutime, tute ne 
kreas liberajn ondojn en la aero, sed simple 


puŝas la aeron sur la diafragmon de la 
orelo. La diferencon oni ne povas tute 
klarigi sen longa diskutado pri la naturo de 
ondoj ĝenerale. Sed la diferenco estas 
fundamenta. 


KELKAJ KONSILETOJ. 


Konsiderante ĉiun el tiuj malfacilaĵoj, 
estas evidente, ke ni ne povas fari, kiel ni 
faris pri la amplifikatoro—t.e., doni klarigojn 
pri rimedoj por eviti distordon. Ni povas 
nur doni kelkajn konsiletojn. 

Unue, memoru, ke la ideo uzi certan 
laŭtparolilon, “ ĉar ĝi taŭgas por la aparato,” 
estas fundamente malprava. Se la aparato 


estas sendistorda, ni bezonas parolilon ankaŭ 


sendistordan. Se iu alia parolilo ŝajnas 
taŭgi treege bone por iu alia aparato, tio 
estas simple ĉar la aparato distordas 
unumaniere, kaj la parolilo kontraŭmaniere— 
eble la aparato estas akratona kaj la laŭt- 
parolilo raŭka—kaj en neniu okazo ĉi tia la 
rezulto estos tiel bona kiel tiu de sendistorda 
aparato kaj la plej bona laŭtparolilo. Diri, 
ke unu speciala laŭtparolilo “ taŭgas ” por 
aparato, estas konfeso, ke la aparato estas 
malbona. 


KONTINUKURENTAJ EFEKTOJ. 


Punkto rimarkinda estas, ke iu ajn 
laŭtparolilo estas pli-malpli influita de la 


KONDENSATORO 


TELEFONILAJ 
BORNOJ 


Fig. 1. 


konstanta K.K. (la anoda kurento de la 
lasta valvo) trapasanta tra ĝin. Modernaj 
Jaŭtparoliloj estas kutime desegnitaj permesi 
tion. Sed ĉiam indas observi, ĉu la tono aŭ 
amplekso estas plibonigita per ĝia forigo. 
Tio estas facile efektivigebla, kiel per, Fig. 1. 
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La ŝokbobeno permesas alla K.K. komponaĵo 
pasi rekte tra ĝin, dum ĝi malpermesas la 
parolajn kurentojn. Tiuj ĉi lastaj tamen 
trapasas la kondensatoron kaj funkciigas la 
laŭtparolilon. 

i tiun aranĝon oni povas tuj kompari 
kun la norma aranĝo per simpla 2-voja 
komutatoro, konektita kiel en Fig. 2. La 
kondensatoro devus havi kapaciton I aŭ 
2uF; por la Sokbobeno, la sekundaria 
vindaĵo de M.F. transformatoro taŭgos, 
aŭ unu el la diversaj ŝokbobenoj faritaj 
por ŝok-kuplitaj M.F. amplifikatoroj. Estos 
necese provi kelke da diversaj bobenoj por 
trovi la plej taŭgan. 


‘ 


TELEFONILAJ 
BORNOJ 


3 


Fig. 2. 


Memoru ke, ĝenerale, la alta kosto de 
grandaj laŭtparoliloj estas mono bonege 
elspezita. La granda instrumento ordinare 
estas pli sentema por malalta potenco ol 
la malgranda, kaj ĝi ankaŭ povas porti 
grandan enmeton. Plue, malgranda korno 
havas malbonan efekton per fortranĉo de la 
malaltaj tonoj. Ofte granda korno ĉe 
“ bebeta ” laŭtparolilo produktos miregigan 
plibonigon. 


AKUSTIKO EN LA ĈAMBRO. 


Laste, ne forgesu la ĉambron. Bona 
ekzemplo pri la efekto de la ĉambro estas, 
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kiam la agorda signalo estas sendata de la 
brodkasta stacio. Tio estas pura tono de unu 
definitiva frekvenco, kaj estas tial reflektita 
de la muroj, k.t.p., laŭ tute konstanta 
maniero. Generale, oni trovos, ke iometa 
moviĝo de la kapo—nur kelkaj centimetroj 
en iun ajn direkton—duobligos la laŭtecon, 
aŭ preskaŭ tute malatidebligos ĝin. Fakte, 
estas en la ĉambro laŭtaj kaj kvietaj lokoj. 


Ĉi tio estas pro interfero inter la rekta 
sona ondo de la laŭtparolilo kaj aliaj ondoj 


reflektitaj el de la muroj. Ĝi ne estas 
rimarkata kiam la komplikitaj sonoj de 
muziko envenos, sed ĝi ekzistas kaj kaŭzas 
distordon, ĉar iu difinita loko estos “ laŭta ” 
loko por kelkaj tonoj kaj “ kvieta ” loko por 
aliaj. La kuraco estas, pendigi kontraŭ la 
muroj ŝtofon, kiel oni faras em la brod- 
kastejoj. La inĝenieroj ĉe la senda stacio 
reguligas la kvanton da eho, kaj devus ne 
esti tro da ĝi ĉe la riceva stacio. 


Nur unu plua punkto. lIa distordo 
ordinare fariĝas pli rimarkebla dum la 
potenco pliiĝas; krom tio, estas tute eble, 
ke aparato, kiu estas sendistorda je malalta 
potenco, havas distordon je pligranda elmeto. 
Tial oni devus konservi silenton, kiam oni 
deziras impresi alian personon pri la ton- 
pureco. Tamen. me malaltigu la potencon 
se vi eksperimentas nul por via propia Celo, 
Altigu la laŭtecon ĝis almenaŭ 66% de la 
aktuala prezento ; se tiam ne estas distordo, 
oni povas resti kontenta, ke ĉio funkcias 
bone. 

Jen finiĝas nia mallonga referato pri la 
ĉefaj kaŭzoj de nuntempa distordado. 
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Editorials. 


D.C. Smoothing Devices for H.T. Supply. 


T is perhaps not generally realised that 
[socata direct or continuous current 

supply systems vary very much in their 
characteristics. Not only are some much 
steadier than others, but the irregularities 
in some systems are of a very different 
character to those in other systems. It is 
necessary to remember this, however, when 
comparing the efficiency of smoothing de- 
vices for eliminating the undesirable ele- 
ments from an alleged D.C. supply before 
connecting it to the H.T. terminals of a 
receiving set. We were reminded of this 
when reading recently that an amateur 
found choking coils unnecessary, a con- 
denser connected across the tappings from 
a non-inductive resistance being sufficient 
to give the desired effect. This might be 
so on one supply system but not on another. 
The trouble is not always due to the teeth 
and commutator segments of the dynamos. 

It was noticed recently that the pointers 
of some of the switchboard instruments in 
an electrical engineering laboratory vibrated 
so much that accurate readings were 
impossible. On investigating the so-called 
D.C. voltage by means of a Duddell Oscillo- 
graph, it was found that there was a pro- 
nounced alternating component with a 
frequency of 150 cycles per second, due to 
the fact that the supply was from rotary 


converters in a substation supplied with 
alternating current of 25 cycles per second. 
The rotary converters were 6-phase machines, 
and the tappings from the armature winding 
to the slip-rings would pass the commutator 
bushes at the rate of 150 per second. 

Other irregularities were present, but the 
cause of the instrument oscillation was this 
150-frequency component. 

It would add to the usefulness and interest 
of any information about tests of smoothing 
devices for D.C. supply systems, if writers 
always discovered and stated the type of 
station from which their supply is drawn. 
In some cases it might be advisable to 
insert a definite rejector circuit designed 


` to remove any alternating component known 


to be present. 


Wireless Section of the LE.E. 


S many of our readers will know, a 
A proposal „has recently been made to 

inaugurate an Institute of Wireless 
Engineers. The object of the proposers 
was apparently to cater mainly for those 
professionally engaged in the technical side 
of the subject, but who do not possess the 
qualifications necessary for membership of 
the Institution of Electrical Engineers. 
There are already two organisations dealing 
with the technical side of radio work, viz., 
the Wireless Section of the Institution, and 
the Radio Society of Great Britain, the 
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former a professional and the latter largely, 
but not exclusively, an amateur body. 

Although doubt was felt by many as to 
the wisdom of starting a third organisation, 
the proposers drew attention to certain 
alleged disabilities under which radio engin- 
eers were placed as compared with other 
electrical engineers in applying for member- 
ship of the Institution; they also pointed 
out that the Wireless Section meets only in 
London. In the minds of most people the 
strongest argument in favour of the proposal 
is the success of the American Institute of 
Radio Engineers, an organisation entirely 
separate from the American Institute of 
Electrical Engineers. 

The matter has been considered very 
carefully by the Committee of the Wireless 
Section of the Institution, which has made 
certain recommendations and these having 
now been approved by the Council are issued 
for publication (see page 115). 


Calibration Department. 


S announced in last month’s issue, our 
A Calibration Department is now re-opened 

as from 1st February, 1926. May we draw 
the attention of readers to the note which 
appeared on page 51 of the January issue 
regarding the care which should be exercised 
in the design of apparatus intended for 
calibration. General details regarding the 
calibration service, and coupon for the 
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current month, will be found in the advertise- 
ment section of this issue. 


Our Predecessor. 


EADERS of E.W.& W.E. will be 
BR interested to learn of the appointment 
of Mr. P. K, Turner to take charge of 
the Research Department of Messrs. 
Burndept Wireless, Ltd., which is a sequel 
to his retirement from the editorship of 
E.W. & W.E., in search of greater scope for 
practical development work. We hope that 
Mr. Turner's new activities will not prevent 
him from acting as a frequent contributor 
to this journal as we have reason to know 
that his contributions in the past have been 
keenly appreciated. 
Our readers will, we feel' sure, join with 
us in wishing Mr. Turner all success in his 
new sphere. 


An Apology. 


UR attention has been drawn to the 
( )=« that Figs. 15 to 18 of Captain Miles’ 

Lecture before the Radio Society of 
Great Briain, which were reproduced on 
page 29 of our last issue, were taken from a 
book, Les Ondes Radio Electriques, by M.N. 
Adam, the Technical Director of our esteemed 
contemporary Radto-Electricite. We regret 
that these figures were reproduced by the 
author of the paper without due acknow- 
ledgement. 
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Valve Nomenclature—A New Term Suggested. 


By Professor G. W. O. Howe, D.Sc. [R030 


\ A J HEN a steady continuous current 
flows through a coil of wire, the 
relation between the P.D. across its 
terminals and the current is a fixed ratio which 
we call the resistance of the coil. When an 
alternating current flows through the coil, 
the terminal P.D. may „be regarded as made 
up of two components, one in phase with the 
current and the other go degrees out of 
phase with it. The former component 
should be equal to Ix R, and the power 
supplied equal to J?R, using root-mean- 
square values of current and voltage; 
on account of non-uniform current distribu- 
tion in the wire, and other causes, the value 
of R obtained from such considerations is 
generally larger than that determined with 
continuous current, and is referred to as the 
effective resistance or A.C. resistance. This 
must not be confused with the impedance ; 
the effective resistance is that quantity 
which must be multiplied by 7? to obtain 
the power supplied; the impedance is that 
quantity which must be multiplied by the 
current to obtain the terminal voltage. In 
a choking coil the impedance is usually 
many times as great as the effective resis- 
tance. The impedance is equal to the 
hvpotenuse of a right angled triangle, one 
side of which is equal to the effective resis- 
tance, and the other side to the reactance. 
Now the reactance of any piece of apparatus 
depends on the frequency of the alternating 
current, the reactance of an inductive coil 
is proportional to the frequency, that of a 
condenser is inversely proportional to the 
frequency. Hence the impedance, which 
involves the reactance, depends on the fre- 
quency. By making a coil non-inductive 
or by making the frequency very low, it is 
possible to make the reactance so small that 
the impedance is practically independent 
of the frequency, but these are extreme 
limiting conditions and do not alter the fact 
that impedance is essentially dependent 
upon frequency. 


In Fig. r the curve ABCD represents a 
part of a characteristic curve of a piece of 
apparatus; each point on the curve gives 
the corresponding values of P.D. and current. 
Unless something is definitely stated to the 
contrary, it is always assumed that such 
curves refer to steady static conditions, that 
is to say, I, is the current which flows 
through the apparatus when the P.D. is 
maintained steadily at V,. In some cases, 
such as with an electric arc, it may be 
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Fig. I. 


necessary to maintain the conditions steady 
for a considerable time before taking the 
corresponding readings. When conditions 
are changing rapidly, it does not follow that 
the P.D. will be V, whenever the current 
has the value Z.. 


Now for many purposes we are not so 
much interested in the resistance V,/I, at 
Bor V,JI,at C, as in the ratio of the increase 
of voltage to the increase of current, t.e., 
in the slope of the characteristic curve at a 
given point or over a given range. Mathe- 
matically this is written dV/dI; it is the 
ratio of a small difference of voltage to the 
corresponding small difference of current. 
Now the question which arises, and which 
is the reason for writing this note, is: 
What shall we call this ratio? We cannot 
call it the resistance, since this term already 
has another definite meaning, and we cannot 
call it the impedance, since this term not 

c2 


Feb., 1926 68 


only has another definite meaning but is 
associated with dependence upon frequency 
of alternating current. The ratio dV/dI 
has nothing to do with frequency, nor has 
it any essential connection with alternating 
current; it is merely the slope of a static 
curve which may entirely cease to have any 
reference to the conditions existing when 
rapid changes or oscillations are taking place. 
For these reasons it would appear that the 
most correct term to apply to the ratio is 
“ differential resistance ” ; it is the quotient 
obtained by dividing a small difference 
between two voltages by the corresponding 
small difference between two currents, and 
the name suggested is almost self-explanatory. 


If an oscillatory current is superposed upon 
a steady current, and it can be assumed 
that the static characteristic is applicable at 
the frequency involved—this assumes free- 
dom from hysteresis or inertia of any kind, 
mechanical, electrical or thermal—then the 
differential resistance can be used to calculate 
the additional power due to the oscillatory 
current. 


Fig. 2. 


Let the steady voltage and current be V 
and J and let the amplitudes of the super- 
posed alternating voltage and current be 
v and ; so that at any moment 


v= Vhisin ut. 
and t= +î sin æt. 
We assume that ù and ; are so small that 
the characteristic can be assumed to be 
linear over the range of the oscillation ; 
the ratio ¢/ì=r4 is what we have called the 
differential resistance. The power supplied 
is the average value of the product uxt 
taken over a complete cycle. 

Now, vuxi=VI-rF(Vi-FHIi) stn wt +i; sin?ĉwt; 
the first term is constant, the average value 
of sin wl is zero and the average value 
of sin? wt is 0.5. Hence „the power is 
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VI+ (0/2 or VI+ 72/2 ri or, since f/W2 is 


the root-mean-square value of the alternating 
current, 12 x RH? x ma, where t is the 
R.M.S. value. 


Hence the differential resistance is the 
effective resistance to superposed oscil- 
lations at the given point on the charac- 
teristic, on the assumption that the static 
characteristic is applicable at the alternating 
frequency. This assumption is usually per- 
missible in thermionic valve problems, but 
is rarely ever approximately correct in the 
arc. Confining ourselves to the valve and 
assuming the applicability of the static 
characteristic to high-frequency oscillations, 
it must be remembered that the current 
given by the characteristic is the purely 
thermionic current. The total alternating 
current entering an electrode at a high fre- 
quency will consist of two components, one 
that which we have just considered in phase 
with and proportional to the alternating 
voltage, and inversely proportional to the 
differential resistance, the other proportional 
to the capacity between the electrodes and 
go degrees ahead of the voltage. The first 
is independent of the frequency, the second 
is proportional to the frequency. The differ- 
ential resistance and the capacity reactance 
are in parallel and may be combined to give 
the impedance, but this will depend on the 
frequency. There is no justification what- 
ever for referring to the differential resis- 
tance as the impedance of the valve or other 
apparatus; such a misuse of the term can 
only lead to confusion. 


In the same way, a conductance which is 
not the value of I/V but of d1;dV, should 
be referred to as a differential conductance. 
It is the reciprocal of a differential resis- 
tance. There may be many cases in which 
the word differential may be safely omitted 
without any danger of misunderstanding ; 
the mutual conductance of a valve, for 
example, would always be taken as the 
ratio dla/dV„, unless something very definite 
were stated to the contrary. 


Our main object in writing this article, 
however, is to protest against the apph- 
cation of the term “ valve impedance ” to 
a ratio obtained under static conditions, 
having no connection with frequency and 
constituting merely one component of the 
rcal impedance. 
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An Experimenter’s Wireless Laboratory. 
By Leonard A. Sayce, M.Sc., Ph.D., A.LC., and 


James Taylor, M.Sc., Ph.D., A.Inst.P. 


Introduction. 


OONER or later in the experience of 
most experimenters there comes a time 
when real progress is rendered very 
dificult by the lack of facilities for making 
electrical measurements. Much may be 
done, of course, by the use of “ rule of thumb” 
methods provided that no radical departure 
is made from standard practice, but it is in 
breaking new ground and attempting new 
departures that one is apt to sigh for the well- 
equipped laboratory with its array of costly 
instruments. There is no reason at all, 
however, why every amateur should not 
possess his own laboratory and be able to 
make all the more usual electrical measure- 
ments with reasonable accuracy. In the 
present series of articles, therefore, we shall 
show how this can be done with the least 
possible expenditure and in order that the 
methods of measurement may be fully 
understood by the less advanced worker, a 
sufficient explanation of the fundamental 
principles underlving them will be given. 
To bring the above object within the reach 
of everyone the purchase of readv-made 
apparatus must be reduced to an absolute 
minimum. Now, most electrical instruments 
depend ultimately upon the measurement of 
current and there is not much that cannot 
be done if we can do this with accuracy. 
And so we shall see that a really efficient 
electrical laboratory can be equipped by the 
purchase of only one expensive instrument— 
a calibrated microammeter. Other accessory 
apparatus will, of course, be required, but 
these can, in most cases, be home-made, and 
where calibration 1s required, the Calibration 
Department of this journal is available at 
a very small cost. It may give the reader 
confidence to know that in preparing the 
instruments to be described here for photo- 
graphing and testing, the authcrs have care- 
fully followed their own instructions and 
have resorted to more refined standard 
instruments only as a final test of the home- 
made arrangements. 
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District Current Measurements. 
Theory. 

If a potential difference V is applied to the 
ends, A B, of a resistance (see Fig. 1), it is 
found that the current through the resistance 
can be expressed by the relation 


=% = -. (I) 


where 1 is the current, in amperes, 


Vis the voltage across AB in volts and 
R is the resistance in ohms. 
This is the most fundamental equation in 
direct current work and is known as Ohm's 
Law. : 


R, Ro R3 


Fig. 1. Fig. 2. 


We see that the equation contains three 
unknown quantities ; it is therefore sufĥcient 
to know any two of them in order to deter- 
mine the third. That is to say, current may 
be measured in terms ot voltage and resist- 
ance, voltage in terms of current and re- 
sistance and resistance in terms of current 
and voltage. We 'may express this as 


fellows :— 
V 
I = — 
R 
Current in any circuit or part of any circuit = 


Total voltage across the resistance 


(xa) 


Resistance 
V = IR (1b) 
Voltage drop along the resistance = 
Current x Resistance, 
V 
R= T S Tabloj zg (Ic) 


Resistance of circuit or part of circuit = 


Total vcltage across the part of the 
circuit considered 


Current passing thrcugh the circuit. 
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Resistances. 
Reststances 1n Sertes. 

If two, or more, resistances are connected 
in series (Fig. 2), the total resistance, R, is 
equal to the sum of the separate resistances. 
This may be expressed as an equation :— 


R=R,+R.+R3+ (2) 


Reststances in Parallel. 


Let us consider two resistances, R, and 
R, ohms (Fig. 3), in parallel and connected 
to a battery so that a current, J, flows in 
the main circuit. This current divides at A 
into two portions: J, in the resistance R, 
and J, in the resistance R,, so that J=J,+4 J). 


ly R, 
A B 
lo 
Ro 
Fig. 3. 


Let the potential drop from A to B be V 
volts, then the drop both in R, and in R, 
must be V volts. If R is the combined 
resistance of R, and R,in parallel we have :— 


V 
I=} 
yV 
I, “R, 
V Ta 
I. =R. 
but 
I=, + I. 
V V V 
ROR TR? 
and dividing through by V, we have 
I I I 
RTR TRA, (3) 


or, putting the equation into words, the 
reciprocal of the two resistances in parallel 
is equal to the sum of the reciprocals of the 
two resistances. If, for example, both R, 
and R: were I ohm, then 1/R = 2 and R=}. 
Thus we see that the combined resistance 
must always be less than either of the 
resistances. 
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Finally, by a slight extension of the above 
equations, we find that :— 


I, RR: I (4) 

: E Ri 
LK. 6 
I. R, (6) 


or, the currents through the resistances are in 
the inverse proportion to their resistances. 


Apparatus. 


For the present purpose of measuring the 
voltage, current and resistance of D.C. 
circuits, the following apparatus is re- 
quired :— 

1. A microammeter having a range of 
o-I204HA and of known resistance. As this is 
to be the fundamental instrument in all the 
above measurements and in many others to 
be described later, it is essential that it 
should be of reliable performance, readily 
portable, “ dead-beat,” and of reasonably 
short time-period. So far as we know, the 
only instrument that fulfils these conditions 
adequately is the “ Unipivot ” galvanometer 
of the Cambridge Scientific Instrument 
Company (45, Grosvenor Gardens, S.W.1). 
It is made in a variety of patterns, but the 
“Type I,” shown in Fig. 4, calibrated 
0-I20u/A and approximately of 50 ohms 
resistance, is the most suitable and costs 
£6 tos. This is the only really expensive 
item in our laboratory equipment, and 
although it is almost indispensable, a Weston 
Relay, converted as previously described in 
these columns (Vol. I., page 721, Sept., 
1924) may be used with fair success. If this 
course is adopted the instrument should 
be sent for calibration to the Calibration 
Department of this journal. 


2. Resistances of I 000 ohms, 3100 ohms, 
IO ohms and 1 ohm respectively. These 
can be purchased, accurate to one part in 
a thousand, for about seven shillings each, 
and a very convenient tvpe, shown in Fig. 4, 
is made by Messrs. F. E. Becker & Co. 
(17, Hatton Wall, E.C.1). 

It is necessary, further, to have a resistance 
of 10000 ohms and this may conveniently 
be made variable in ten equal steps in the 
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Fig. 4. “Unipivot' galvanometer, resistance box, shunts and change-over switch. 


manner shown in Fig. 4. A laminated 
switch-arm is mounted at the centre of an 
ebonite panel measuring 5 ins. by 5 ins. by 
3 in. Beneath the panel and grouped in a 
circle 34 ins. in diameter are ten ebonite 
bobbins of the dimensions shown in Fig. 5, 
each bearing, at its wider end, two 6 B.A. by 
k in. screws holding little soldering tags as 
terminals. [Of course, it is not essential to 
use ebonite for these bobbins or to make them 
one’s self. Some very suitable bobbins, made 
of varnished hard wood and fitted with con- 
necting wires, instead of soldering-tags, can 
be obtained from Mr. Ernest Turner, Chiltern 
Works, High Wycombe, Bucks.) Each 
bobbin is wound non-inductively with No. 40 
s.w.G. double silk covered “ Eureka” (or 
“ Constantan ’’) wire to a resistance of I 000 
ohms. In order to do this, fasten one end 
of the wire, reel out 40 feet of it, and double 
it back upon itself for a further 40 feet, 


Fig. 6. 


solder the ends of the wire to the two soldering 
tags respectively, and wind the doubled wire 
upon the bobbin, finishing at the looped end. 


Having wound the ten bobbins in this way, 
soak them all in molten paraffin wax and 
proceed to adjust each of them accurately 
to 1000 ohms. For this purpose, the circuit 
shown in Fig. 6 is used. E is a 4-volt 
accumulator, M the microammeter, R, and 
R, the standard resistances of I 000 ohms 
and I ohm respectively (do mot use them in 
the reverse order): R, the bobbin being 
tested and a double-throw double-pole 


Fig. 7. Change-over switch. 


change-over switch puts in circuit R, or Rs. 
This switch will often be required and Fig. 7 
explains its construction. The base is a 
quarter-plate negative box filled with paraffin 
wax in which there are six holes filled with 
mercury. The two sides of the “ rocker ”’ 
are made of No. 12 S.W.G. copper wire joined 
together, but insulated one from the other 
by a piece of ebonite, or glass, tube fastened 
on with sealing-wax. 

Each resistance coil is put into the position 
R,—the soldering-tags being conveniently 
gripped by “tie-clip” terminals—and is 
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gradually shortened by cutting half-inch 
lengths from the end of the loop and soldering 
up the ends after each alteration, until 
the reading of the microammeter remains 
quite unaltered, when the switch is rocked 
backwards and forwards. Finally, the 


Fig. 8. 


bobbins are fixed to the ebonite panel by 
6 B.A. bolts, screwed into “ blind ” holes in 
the ebonite, and are wired up according to 
the diagram of Fig. 8. A view of the back 
of the completed instrument is shown in 
Fig. 9. 

3. A set of four accurately adjusted resist- 
ances, usually called “ shunts,” which when 
connected across the terminals of the micro- 
ammeter will reduce its sensitivity by a 
definite amount and cause its scale to read :— 

I.—O to 1.2 milliamperes. 
2.—o to 12 milliamperes. 
3.—o to 120 milliamperes. 
4.—o to 1.2 amperes. 
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Each shunt is mounted upon a little 
ebonite panel arranged to clip upon the 
microammeter terminals, as shown in Fig. Io, 


Wiring and arrangement of the 
resistance box. 


Fig. 9. 


and is provided with two terminals for con- 
necting with the required circuit. Shunts 
Nos. I and 2 are wound upon ebonite bobbins, 
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Fig. Io, 


— 


= 
ie a “ = 
ege d ~ 
ont Ag D. | . 
Ae Y e. ` 
> f 
AV ese a á 
4 %, fo 
o a 


ea. 


Galvanometer and shunts. 
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like those described above, whilst Nos. 3 and 4 
are short lengths of rigid wire and require 
no special support. 

Of course, the values of the shunts could 
be calculated by using equation 6 (above), 
but they certainly would not be equal to any 
of the resistances that we have in hand at 
present. By the following method, however, 
they can be made with very considerable 
accuracy. 

A resistance coil, approximately equal to 
the resistance of the microammeter, is first 
required. This is made of No. 40 S.W.G. 
“ Eureka” wire, wound as before, upon an 
ebonite bobbin. About four feet of the wire 
is required. The microammeter is connected 
in series with a “ spent ” dry cell and its 
reading adjusted near to its maximum by 
means of the I0 ooo ohm resistance in series 
with it. The resistance coil is then placed 
in parallel with the meter and is altered until 
the reading: of the latter is exactly one-half 
of its former value. The resistance of the 
coll is then equal to that of the micro- 
ammeter. 


Fig. 11. 


Each of the shunts is adjusted by employ- 
ing the circuit shown in Fig. 11. PandQ are 
standard resistances; G is the resistance 
equal in value to that of the microammeter, 
M; S is the shunt that is being adjusted 
whilst R, is a rheostat to limit the current 
supplied by the battery, B; abcdef is the 
mercury-cup switch already described. 

No. I. Shunt (o to r.2mA). 

P=I 000 ohms. 

Q=100 ohms. 

B=2-volt accumulator. 

R,=the variable 10 000 ohm resis- 
tance set at 2 000 ohms. 

S=six inches of No. 
“ Eureka ” wire. 

It will be found that the microammeter 
shows a reading lower when the switch is in 
the left-hand position (a tob, d to e) than 
when it is in the right-hand position (b to c, 
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e to f). Gradually reduce the length of S, 
rocking the switch backwards and forwards 
at each alteration, until the reading is the 
same in both positions. The final adjust- 
ments should be made with the shunt wire 
soldered to its final fittings. (N.B.—The 
solder must be allowed to become quite cold 
before testing, otherwise the Seebeck effect 
introduces serious errors.) The resistance 
of the shunt is now precisely one-ninth of 
that of the microammeter, so that when it is 
slipped in place across the terminals of the 
latter and a current is made to pass through 
the shunted instrument, one-tenth of the 
total current traverses the meter whilst the 
shunt carries the remainder. Thus the range 
of the instrument is now o-I.2MA. 

No. 2 Shunt (range o-12mA). 

P=I 000 ohms. 

Q=IOo ohms. 

B=6-volt accumulator. 

R,=the variable 10 o00 ohm resist- 
ance set at I 000 ohms. 

S=a cable made of ten five-inch 
strands of No. 40 s.w.G. Eureka wire. 
This plan is used to save getting an odd 
length of rather coarser wire and is quite 
satisfactory. 

The procedure is exactly the same as in 
making No. 1 Shunt. | 

No. 3 Shunt (range o-I2OMA). 

P=I 000 ohms. 

Q=I1 ohm. 

B=6-volt accumulator. 

R,=100 ohms. 

S= three-quarters of an inch of No. 22 
S.w.G. bare Eureka wire, as used for 
filament rheostats. . 

The resistance of the shunt is varied, not 
by altering its length but by scraping it with 
the blade of a penknife. | 

No. 4 Shunt (range o-1.2A). 

P=I0 000 ohms. 

Q=1 ohm. | 

B=6-volt accumulator. 

R,=10 ohms. 

S=7} inches of No. 22 s.w.c. bare 
Eureka wire “ zig-zagged'” ten times— 
so as to be, in effect, a strip 3-inch long 
—and soldered into position. 

In this case it is essential that the leads 
of the shunt and the microammeter should 
be as short and thick as possible. The 
resistance of this shunt should be adjusted, 
as before, by scraping it. 
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When the shunt has been adjusted in the 
manner already described, it is still far from 
correct, for, however short and thick the 
leads may be, their resistance and the 
contact-resistance of their connections are 
comparable with that of the shunt itself; 


1.e., in the order of = ohm. Nevertheless, 


it is evident that the combined resistance of 
the shunt, contacts and connections is of the 
required value. We require therefore a 
means of making the shunt equal to this 
combined resistance. To effect this, remove 
all the apparatus except that shown in Fig. 
12a and bridge the mercury cups e and f by 
a very stout copper wire. The micro- 
ammeter, shunt and connections have not 
been disturbed so that, as they stand, the 
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Fig. 12. 


instrument will still read the required range : 
o-1.2A. Connect the Io-ohm resistance and 
a six-volt accumulator to e, as shown in 
Fig. 126, and notice the reading of the 
meter, d,. Then connect the shunt to the 
terminals of the meter by means of its hooks 
and again connect it in series with the Io-ohm 
resistance and the 6-volt accumulator, Fig. 
I2c. The reading of the meter, d., is now 
lower than d, because the resistance of the 
leads and their contacts is now absent. 
Finally, scrape, or file, the shunt wires until 
d,=d, and the shunt is completed. 


Measurement of Current. 


It will be seen that we are now provided 
virtually with five ammeters and are in a 
position to measure direct currents as widely 
different as those passing through a valve 
filament and through the telephones of a 
crystal set respectively. 

Readers may have every confidence in 
the accuracy of the shunted instrument if 
the above instructions are followed carefully. 
As evidence of this, the shunts shown in 
Fig. IO were made exactly as described and, 
in each case, the error of the shunted 
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instrument was well under r per cent., the 
mean error of all the shunts being 0.43 per 
cent. 


Measurement of Voltage. 


When an ammeter is measuring the current 
through a circuit it is desirable that the 
resistance cf the instrument should be as low 
as possible, for otherwise there is an 
unnecessary waste of power. The desirable 
features of a voltmeter are, however, exactly 
the reverse. A voltmeter is used to indicate 
the difference in electrical pressure, or 
“potential,” between two points in a 
circuit and if the voltmeter is of low resistance 
it may cause a sufficient alteration in the 
circuit to lower appreciably the actual 
voltage which it is required to measure. 
The ideal voltmeter is one which has a very 
high resistance and which consequently 
requires a very small current to operate it. 

It follows immediately from Ohm’s Law 
that the current through a resistance is 
proportional to the voltage across the ends 
of the resistance (equation Ia). Thus we 
have merely to connect our microammeter, 
either shunted or alone, in series with a high 
resistance, R, Fig. 13, in order to use it as 
an efficient voltmeter whose range can be 
adapted to suit any requirements. For 
instance: If a resistance of IO 000 ohms 
is placed in series with the meter and the 
latter is shunted for o-1.2mA then the 
combination becomes a voltmeter reading 
O—I2 volts. Further examples are given 
in the following table :— 


Series Range of Range of 
resistance ` meter. combination 

(ohms). (mA) (volts). 

I I 000 O-I20 0-0.12 

2 IO 000 0-120 O-1.2 

3 2 000 O-I.2 0-2.4 

4 5 000 O-I.2 0-6 

5 IO 000 O-1.2 0-12 

6 IO 000 O-I2 0-120 


In all cases the voltage as stated should 


R+G 


be multiplied by the factor —~ R where 


= Series resistance and 
= Combined resistance of meter 


and shunt, if any. 
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In the first case given in the table this 
correction is quite considerable, in the 
second case it is much less so, whilst in all 
the others it is negligible. 

The variable 10 000 ohm resistance is very 
suitable for use as the series resistance and by 
its means the range of the instrument can 
readily be altered to meet various require- 
ments. lf, however, an entirely self-con- 
tained unit is preferred, a resistance coil and 
a shunt, 1f required, can be mounted, like the 


VOLTAGE 


R 


Fig. 14. 


Fig. 13. 


ampere shunts of Fig. IO, upon a little 
ebonite panel arranged to clip upon the micro- 
ammeter terminals. The resistance coil can 
be made by reference to the 10000 ohm 
resistance, using the circuit shown in Fig. 6 
for the purpose, and, since compactness is 
now required, it may be wound with No. 47 
S.W.G. D.s.c. Eureka wire, the resistance of 
which is approximately 235 ohms per yard. 


Measurement of Resistance. 


Now that we are In a position to measure 
both voltage and current we can always 
calculate the third term of Ohm's Law and 
so obtain the resistance of any circuit (see 
equation Ic). It is usually inconvenient 
to measure a given resistance by the direct 
application of Ohm's Law unless it is so high 
that the resistance of everything else in the 
circuit can be ignored. Most methods of 
measurement depend rather upon the com- 
parison of resistances than their direct 
measurement ; in fact, it may be taken as 
a rule that an electrical quantity can be 
measured more accurately by comparison 
with standards than in any other way. In 
the present case we shall describe only one 
method for the comparison of resistances, one 
that is particularly useful for resistances of 
low value. A brief reference must be made, 
however, to what, in a laboratory with the 
necessary equipment, is certainly the most 
accurate and general method of all, the 
Wheatstone bridge. 
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If the circuit of Fig. 14 be assembled, 
comprising four resistances, P, 0, R and X, 
together with a cell, and a sensitive 
galvanometer, G, it will almost always be 
found that the galvanometer indicates the 
presence of a current through it. It is 
possible, however, to vary one, or more, of 
the resistances until the galvanometer gives 
a “null” reading (7.e., shows no current). 
When this is so, then “a ” and “ b ” must be 
at the same potential and it can be shown 
that under these circumstances 

Q 


Fi EN 


or alternatively 


Q R X 
Thus, if we know the values of any three of 
the resistances, we can immediately calculate 
the value of the fourth. 

Further—and herein lies the special virtue 
of the method—if, for instance, P : Q: : I 000:1 
then R: X::1000:1. That is to say, if X 
were the unknown resistance, it would be 
measured in terms of a resistance R a thous- 
and times as great and the accuracy of the 
method would be proportionately increased. 
In the “ Post Office Box ’’—the most con- 
venient form of the bridge—P and Q are 
always made in some decimal proportion so 
that when the bridge is balanced—when no 
current is flowing through the galvanometer, 
G—then the value of X is obtained simply by 
multiplying or dividing that of R by some 
multiple of ten. 

The above principle can be applied in a 
great number of ways, not only to the 
measurement of resistance but to the meas- 
urement of capacity and inductance. Its 
practical application to the measurement of 
resistance will not be described here, however, 
because we cannot obtain the full advantages 
of the Wheatstone bridge unless the resistance 
coils are more accurate than those we are in 
a position to make. Further, to profit by 
the method, we should require a galvanometer 
considerably more sensitive than our micro-. 
ammeter and, although such an instrument 
could be made without much difficulty, it 
would take longer to use and be much less 
convenient than the following methods. 


I. Low Resistance. 


This method is suitable for the measure- 
ment of resistances up to about 50 ohms, 
and depends upon the fact stated in equation 
16, that the voltage applied between the ends 
of a conductor is equal to the product of its 
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resistance and the current. Thus if two 
resistance coils are joined in series and the 
same current is passed through both of them, 
the voltage across each coil is proportional 
to Its resistance. 

The circuit employed is shown in Fig. 15, 
where B is a two-volt accumulator cell, X the 
unknown resistance and R one of the standard 
resistances, either 10 ohms or 1 ohm, which- 
ever is nearer in value to X. R,isarheostat 
but it is required only if X is under 5 ohms. 


Fig. 15. 


Fig. 16. 


The microammeter, M, is arranged as a volt- 
meter, t.e., it is connected in series with the 
IO 000 resistance, R!. abcdef is the mercury- 
cup switch shown in Fig. 7. 

The method of measurement is very 
simple :— 

Let d„=reading of the meter when the 
switch is in the left-hand position, a to b and 
d to e connected; and dy=reading of the 
meter when the switch is in the right-hand 
position, b to c and e to f connected. 


2. High Reststance. 


The following method is suitable for 
measuring resistances from 50 ohms upwards. 
Although there are certainly more accurate 
methods, yet it requires no additional 
apparatus and its precision is comparable 
with that of the other measurements des- 
cribed. 

Connect a six-volt accumulator, B, Fig. 16, 
in series with the unknown resistance, X, 
and the microammeter, M, if necessary, 
choosing a shunt for the latter such that the 
current gives at least a half-scale deflection. 
Let this current be J amps. Then, measure 
the exact voltage of the accumulator bv the 
method already given and the required 
resistance X = VJI 
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In measuring resistances higher than 
IOO 000 ohms an ordinary dry-cell high- 
tension battery should be substituted for the 
accumulator, B. For example, an H.T. 
battery was connected in series with the 
nuicroammeter and a grid-leak and a current 
of 70/A was indicated. The instrument was 
then used as a voltmeter and the batterv 
was found to have an E.M.F. of 97 volts. 
The resistance of the grid-leak was thus 

97 


ohms = 1.38; X 108 ohms = 
70 X 108 


1.38; megohms. 


In the above method no account is taken 
of the resistance either of the accumulator 
or the meter but, in dealing with resistances 
of over 50 ohms, the error is very small and 
it becomes progressively smaller as the 
cesistance becomes higher. 


APPENDIX. 


As the method here described for the making of 
shunts is original, an explanation of its theory may 
not be out of place :— 

If 7,=current flowing when switch is in left-hand 

position, a to b, d to e connected (Fig. 11). 
1;= current flowing when switch is in right- 
hand position, b to c, e to f connected. 


S,=combined resistance of shunt S, and 
microammeter M, 
then 

I, QES 
— = (see equation 6, above) (7) 
I, PG 

GXS 

= (from equation 3) 
G+S 


When the readings are the same for both positions 
of the switch :— 


G+S , 
I = —: I, 
Equation (7) becomes 
es 
I, OECD... QS+QG+GS 
r LES P+G (P+G) (G+S) 
= 
S 
S - QS+QG+GS 
GES (G+S) (P+G) 
SP+GS=QS=QG+GS 
S(P—Q)=QG 
SeN G 
S PO 
1.2., 
If (1) P = 1000and Q = 100 then S = G 
I 
P = 1000 Q= IO = 4 
I 
P = 1000 Q= I DG 
P=10000 Q= 1 ete 
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Some Remarkable Effects of Large High- 
Frequency Electric Currents. 


By G. H. Farnes, B.Sc. 


OST amateur constructors are occa- 
M sensas brought in touch with some 

apparently unaccountable phenomena 
in the working of their wireless apparatus. 
Some cf these troubles may be due to faulty 
insulation or electrical connections, but 
others, especially if the lay-out of the com- 
ponents of the set has not been carefully 
planned, will be due to capacity and induc- 
tance between the actual wiring in the set. 
In receiving sets the trouble is often difficult 
to locate as the currents in the high frequency 
circuits are only a few thousandths of an 
ampere. When, however, one is dealing 
with large high frequency radio currents of 
several hundred amperes, such as those at 
our high-powered commercial transmitting 
stations, the effect of “ stray” capacities 
and inductances is sometimes brought into 
alarming prominence. If there are any 
closed metallic circuits near the coils carry- 
ing the high frequency currents they will 
have circulating currents induced in them, 
especially if the capacity and inductance of 
any loop happens to have a natural period 
of oscillation which is the same as, or a 
multiple of, the main aerial oscillation. 
Such closed circuits are formed by iron 
frameworks of the building, iron conduits 
for electric light conductors, iron framework 
of switchgear and by the numerous leads 
connecting the apparatus. If these circuits 
have any appreciable resistance great losses 
occur which result in heating and often in 
the burning out of conductors. A few 
strange effects which have come within the 
writer's personal experience show how careful 
one must be when dealing with large high 
frequency currents, not only by having 
perfect direct insulation but also as regards 
neighbouring conductors and partial con- 
ductors which are not connected to the 
current-carrying conductors in any way. 


In the Inductance Room of a High-powered 
Transmitting Station. 

At a large transmitting station, during 

alterations to the room housing the aerial 
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inductance, it was necessary to erect a tem- 
porary wooden wall. One day this became 
damp due to rain and hence was made a 
partial conductor. The eddy currents in- 
duced in it caused it to heat up and eventu- 
ally burst into flames. 


In the same inductance room by nature 
of an experiment two lengths of damp wood 
were laid across each other forming two 
sides of a triangle. For some time nothing 
happened but when a third piece was laid 
acrosss to complete the triangle, and hence 
the circuit, the wood quickly heated up and 
caught fire. On another occasion it was 
noticed that the iron lock on the door was 
unbearably hot due to hysteresis and eddy 
current losses. If a watch is worn near 
these coils it 1s quickly disorganised. By 
walking round the room and holding the 
point of a pencil near various metallic 
objects, such as an instrument case or a 
telephone, a stream of sparks can often be 
drawn. 


There will occasionally be a potential 
between two people in this room due to 
their different electrical capacity and on 
one occasion when the writer shook hands 
with a friend in this strange inductance room 
there was a stream of sparks from one 
hand to the other. 


These strange effects are not confined to 
the inductance room but are also to be 
noticed under the aerial system which, by 
the way, is half a mile long and about six 
hundred feet wide. The stays of the aerial 
masts were insulated by large porcelain 
strain insulators and trouble was experienced 
due to these “ flashing over.” When they 
were taken down and examined it was found 
that they had been practically molten 
inside. There is a barbed wire fence round 
the aerial site and the portion of this which 
is under the aerial lead-up becomes so hot 
by the induced current that it cannot be 
handled. Sparks can be drawn from 
this also by holding a piece of metal near 
to it. 
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On one occasion an iron stay wire was 
attached to a wooden pole carrving the 
earth wires and the mutual inductance 
between the earth wires and the stay wire 
was sufficient to cause the induced high 
frequency current to heat the stay wire toa 
white heat. 

On another occasion the effect of a slight 
stray mutual inductance and capacity had 
a more serious effect. A steel wire: halyard 
was left attached to the top of a 460-foot 
wooden lattice mast, the lower end of the 
halvard being connected to a winch and 
thus practically earthed. When the station 
was working a potential was induced between 
the halyard and the wooden top of the mast 
which can be regarded as insulated by 
virtue of the wooden structure. This caused 
sparking and the first thing noticed, after 
several days' running, was that the top of 
the mast was burning. It was in fact a 
fire 460 feet in the air. Imagine the difh- 
culty in obtaining firemen to tackle this 
job. The cost of each mast was approxi- 
mately £5,000, not to mention ' the large 
financial loss due to closing down the station. 
Finally two firemen climbed the mast by 
means of the diagonal bracing members. 
It took them nearly an hour, but when they 
did reach the top they soon cut away the 
burning members by means of axes and 
prevented the fire from spreading. 


Mathematical Conception. 


Let us see now from a simple mathe- 
matical point of view the importance of 
smallinductances and capacities when dealing 
with high frequency currents. 
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Now the voltage induced in an inductance 
is given by 


E = 2nf LI, where E is in volts 
f=frequency of current 


L=self or mutual induc- 
tance in henries 


1=current in amperes. 


Thus we see that the induced voltage (and 
hence current) is directly proportional to the 
current in the nearby circuit and also 
directly proportional to the frequency of 
the current. Now with normal alternating 
currents for power or lighting the frequency 
is usually of 25 or 50 cycles per second but 
with radio currents frequencies of 50 000 
cycles or I 000 times as great are quite low. 
Thus with radio currents the voltages 
induced will be 1000 or more times that 
which would result if the circuits were carry- 
ing ordinary alternating currents. 


A similar formula applies for the currents 
induced due to capacity, t.e., 


I=2nfCE, where I is the current flowing 

“across” the capacity and 

C=capacity in farads. 
Hence the “stray” current is again pro- 
portional to the frequency which is very 
large. Another important point is borne 
out by these equations. The higher the 
frequency (t.e., the shorter the wave-length) 
the greater are the stray currents caused. 
Hence in designing short wave receivers 
where the frequency is extremely high one 
has to be even more careful of any un- 
intentional inductive or capacity couplings 
between leads or components. 
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Some Facts and Notions about Short Waves. 


A Lecture delivered by Capt. DUNCAN SINCLAIR, before the Radio Society 
of Great Britain, on 16th December, 1925. 


AST month Captain Miles, of the 
pero read a paper before the 

Radio Society of Great Britain entitled 
a “Review of Short Wave Development.” 
At the time the Society honoured me by 
requesting this paper, I chose practically an 
identical line of thought, but on reading 
Captain Miles' paper, it at once became 
apparent that my remarks would need 
modification if I were to present you with 
fresh subjects. 

I have therefore reviewed my paper to 
make it follow more on the lines of a sequel 
to this former paper, and have made it more 
theoretical and suppositious. At the same 
time my remarks have become briefer, 
which may be an advantage as giving more 
time for discussion. | 

I am going to define a short wave as one 
of the order of less than 100 metres length. 
Perhaps, before so many short-wave experts, 
some of my points may prove to be ancient 
history, but they may still, for all that, be 
worthy of consideration. f 

It rather seems that the majority of 
-experimenters approach short waves with 
feelings of considerable trepidation. They 
have heard that the frequencies are enormous, 
hand capacity effects are simply terrific, 
and so on ; and before they ever come to 
handle the work themselves they have 
quite made up their minds that they are 
attempting the impossible. They expect 
little or no results, and consequently are not 
disappointed by failure. 

Due consideration of the practical side of 
the problem does not show it to be so very 
‘difficult, however. We still are really dealing 
in terms of wireless as we understand it for 
the higher wave-lengths, with comparatively 
negligible variations; and we still employ 
identical components, again with very minor 
differences. What it really means is that 
we must expect to exercise rather more care 
in the construction and operation of the 
apparatus—not a difficult matter for those 
who take real interest in their work. 
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It seems obvious that, if more care is to 
be taken, the simplest designs only should 
be tried in the first place. We turn again 
to the simple straight circuits. And, after 
all, simplicity and efficiency are so often 
synonymous. 

For the benefit of those who are not great 
technical experts, I am purposely limiting 
my language so that it should be compre- 
hensible to the least trained mind. 

I propose to deal with certain facts and 
notions, the latter somewhat my own con- 
ception, of phenomena beyond the actual 
apparatus which occur in this class of radio 
research. They may be entirely erroneous— 
or, on the other hand, may contain the 
germs of matters of vital importance. I can 
merely put them before you for what they 


“may be worth, in the hope that they will help 


in leading to correct and definite conclusions. 

In dealing with wave-lengths which get 
shorter and shorter as research extends, it 
would rather appear that a close analogy 
is to be found in the science of “ Heat.” 
Temperature can be reduced step by step, 
but absolute zero probably never attained, 
for the purpose in mind at the commence- 
ment of the experiment—if it can be attained 
at al. The matter or substance under 
investigation will change its nature before 
its temperature reaches absolute zero. 

It is well known that the frequency band 
of electro-magnetic oscillations which give 
rise to radio phenomena are only a portion 
of a much wider band of the same kind, and 
that the whole band, in its entirety, includes 
the phenomena of heat and light amongst 
other things; and, for all we may know, 
every phenomenon of which our senses make 
us aware. We know that the higher we get 
in the radio frequency band the closer we 
approach the frequencies of heat and light. 
Even if we did not already realise this 
from theoretical considerations, it would 
not be possible to experiment for long on 
very short wave-lengths without discovering 
it practically. 
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I well remember some time ago experi- 
encing a sensation of considerable heat 
round the closed circuit inductance of my 
transmitter whilst it was functioning on 
what I estimated to be something under five 
metres wave-length, and, on switching off 
the set, how interested I was to find the 
inductance quite cold. Similarly, how various 
glows have occurred at different times in 
different parts of the circuit. 

Given such simple facts we have grounds 
for assuming that a lot of our reasoning and 
conjecture may be based upon confirmed 
knowledge of light phenomena. If we are 
still in doubt, we have only to follow Clerk 
Maxwell’s mathematical investigations, dur- 
ing last century, of the connection between 
electricity, magnetism and light. Light, as 
it is at present understood, is a composite 
phenomenon due to certain very high fre- 
quency oscillations, of slightly different 
values. One frequency causes our optic 
nerve to register the sensation of a red 
colour, another a green, another a violet ; 
while the simultaneous effect of all the visible 
colours of the spectrum manifests itself as 
what we call white light. It is well known 
that by passing a beam of white light through 
a glass prism its component colours are 
“ bent ” in varying degrees and become, in 
effect, separated from one another. It is 
well known that light can be reflected by a 
mirror or other polished surface; and that 
1t can be absorbed by some media and 
substances. And it is known that inter- 
ference between two or more light fre- 
quencies can occur. Again, it is known that 
certain very short waves of this band can 
penetrate certain matter which others are 
not able to do. For instance, metals opaque 
to visible light become translucent or trans- 
parent under the agency of X-rays. And 
there is the property of radio-activity. All 
these phenomena obey very definite laws. 


Here is a wealth of data to assist our 
work with short radio waves. Surely we are 
not unjustified in expecting the laws of light 
to have application in the case of radio 
frequencies so closely situated in the band 
of general frequencies. In fact, as long ago 
as the first days of wireless, Senatore Marconi 
proved the reflection of waves longer than 
those we are now considering; and more 
recently has put forward the system of beam 
transmissions. More recently, again, there 
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has been expounded the theory of the 
Heaviside layer, by which there is supposed 
to exist, at a varying number of miles above 
the earth’s surface, a layer of ionisation, 
constituting a medium of different nature to 
that of the adjacent electro-magnetic medium. 
Reverting to our light analogies, we are 
led to expect, and, in point of fact do find, 
radio results in conformity with the assump- 
tion that the Heaviside layer may be 
regarded as a medium capable of reflecting, 
refracting and absorbing electro-magnetic 
waves. In the first place, you will know that 
the angle through which a light ray is bent 
by any given medium, varies according to the 
colour or wave-length of the light in question. 
Therefore we expect that a short wave of, 
say, IO metres length, will not behave in the 
same fashion as one of, say, IOO metres, and 
that is exactly what we do find. You will 


Fig: I. 


have found out, or heard, that whereas a 
transmission 1s audible on IO metres at some 
distance, it may not be at all audible at 
some point nearer the transmitter ; and that 
while enormous ranges are obtainable during 
darkness with a roo-metre wave-length, a 
Io-metre wave-length is not ‘capable of 
working any real distance; and that the 
reverse of such case may obtain during 
daylight. 

An explanation of such occurrences may 
be given on the basis of the Heaviside 
layer. The short wave-length, inaudible 
nearby, has probably acted in the way 
shown in Fig. I. T is the transmitter, A the 
nearby receiver, and R the distant receiver. 
The wave (thick line) has been reflected by 
the layer in a similar manner to that in 
which a light wave is reflected from a concave 
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mirror. But certain portions of the radio 
wave also enter the Heaviside medium and 
become refracted through it and either again 
refracted through into space beyond or 
internally reflected or refracted back again 
to earth (dotted lines). Naturally, these 
reflections and refractions will all depend 
upon the wave-length, the nature of the 
reflecting and refracting medium and its 
thickness. Probably, it is not a unifcrm 
medium; probably, also, it is changing 
censtantly. Therefore it appears that we have 
an explanation of fading, of “ distortion,” 
and of the variation of direction finding 
bearings, amongst other things. 


There is little doubt that in the same way 
that the visible light ray and the invisible 
light ray are able to penetrate a given medium 
to varying extents, so one radio wave can 
penetrate the Heaviside layer to a different 
depth from that of another. Probably also 
the reflection and refraction vary to a similar 
extent. If such is the case, and at the same 
time we assume that the degree of penetration 
reflection and refraction is varying, we must 
certainly have a useful explanation of fading 
and distortion, and, to a like extent, variation 
of direction finding bearings. 

Various experimenters tell us that fading 
occurs regularly, that is to say, that we get 
constantly varying time periods during which 
we can, or cannot, receive signals from a 
given station ; which would rather indicate 
that the variations occurring in the layer 
are uniform in their action at any given 
period of the 24 hours. It seems probable 
that in order to receive the very short waves 
at comparatively short distances during 
davlight it is necessary to raise the height 
of the receiver from the ground, either by 
moving it up a mountain or taking it up in 
an aircraft. A possible explanation of such 
a phenomenon has already been outlined by 
Captain Miles in his paper last month, so 
that it is possibly unnecessary for me to 
enlarge upon it. 


I am not going to attempt, beyond what 
has been said above, either to confirm or 
contradict the explanations afforded by the 
Heaviside layer theory. If they are correct 
they serve our purpose admirably for the time 
being, and, if incorrect, there is at least some 
vestige of truth in them which is decidedly 
helpful to us as we are situated to-day. One 
fact stands out very clearly in all this work 
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and that is that the reactions taking, place 
are profoundly delicate. I have said that 
whereas a 10-metre wave-length is not 
apparently capable of working any great 
distance during darkness, a wave-length of 
five to ten times that value is quite capable 
of doing so; and, conversely, while a 60-metre 
wave-length is not suitable for daylight 
working, a 10-metre wave-length is receivable 
at very great distances. 


Fig. 2. 

metres) on the right. 

removed at the time the photo was taken, and an oil 
immersion condenser (on the bench) substituted. 


Photograph showing the transmitter (20-30 
One broken down condenser was 


On the face of it it would seem that as we 
decrease our wave-length we pass firstly 
through a band of wave-lengths which are 
suitable for night work only, and secondly, 
into a band of wave-lengths which are 
suitable for daylight work only ; and, there- 
fore, we have reason to suspect that at some 
point we shall find a very small band of 
wave-lengths, or even an actual wave, which 
is good for both day and night signalling 
over a certain distance. 
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In practice it is easily ascertained that for 
given periods during one dav we can quite 
readily receive signals from, let us say, a 
given station in the United States, while the 
next day we are unable to do so on that 
wave-length, but can readily do so if the 
wave is changed by one or two metres. 
This phenomenon most usually occurs in the 
neighbourhood of 30 to 40 metres; so that 
it would seem that the wave-length good for 
both day and night working would lie 
somewhere within this band. 

As far as I am personally able to see at 
the present time, I rather expect to find that 
several wave-lengths, or even many in or 
very near this band will prove suitable 
for regular constant working, taking into 
account the distance separating the two 
-communicating stations in each case. 
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over sea than over land. We know that at 
difficult times for direction finding work 
bearings may be taken over the sea with 
possibly half a degree’s error up to distances 
of perhaps 100 miles, while during the same 
periods over land the limits approximate to 
I5 miles and the errors to 5 or even more 
degrees. 

If we allow that the intensity of illumina- 
tion by the sun's rays may be a factor in 
ionising the atmosphere and that the inten- 
sity of ionisation may vary at the lower 
altitudes depending upon the amount of 
cloud, etc., itis quite evident that the amount 
of ionisation occurring in any particular 
area is by no means a definite quantity at 
any given moment even over sea. 

It has been established that the mean 
values of the conductivity of the atmosphere 


Fig. 3. The general purpose long-wave receiver, consisting of detector and tuning unit, and 3-valve resistance 
coupled amplifier. The box on right controls H.T. and L.T. and phones, loud-speakers (for broadcasting), etc. 


If we may, with some justification, assume 
the existence of an ionised layer at a distance 
` .of several miles above the earth's surface, 
we may also expect to find ionisation taking 
place nearer and especially on the earth’s 
surface, more particularly in those reas 
where the nature of the soil is of assistance 
to the process of ionisation. Take, for 
example, soils which contain. radio active 
substances. Naturally the structure of the 
earth's surface is not entirely uniform all over, 
and therefore it seems that the areas of 
ionisation on this basis alone are not in 
themselves quite uniform. It seems an 
established fact that over the surface of the 
sea the conductivity of the atmosphere is 
somewhat better than that over land. It 
seems that ionisation is much more uniform 


in the neighbourhood of the ground vary 
very considerably for different regions as 
much as three or four times their standard 
value. The variation most surely depends 
on local conditions. Various independent 
scientists seem in agreement that the con- 
ductivity of the atmosphere increases with 
height above the earth’s surface. They 
tell us that although the first few hundreds 
of metres above the ground surface have not 
been sufficiently explored, from the point 
of view of ionisation, the fact is certain that 
above certain altitudes and in the highest 
regions where they have been able to make 
measurements, the conductivity may reach 
values of 25 to 30 times greater than on the 
earth’s surface. Their research leads also 
to the conclusion that the mobility of 
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ionisation varies sensibly inversely as the 
atmospheric pressure. The ionisation of the 
air must then increase at great altitudes. The 
assumption seems, therefore, that there is a 
layer of ionisation immediately surrounding 
the earth's surface and extending for some 
distance above it, decreasing in density as 
height increases. This layer would appear 
to be only of a few hundred feet in height 
and would vary quite considerably in ac- 
cordance with local conditions. Thisassump- 
tion so far seems to me to explain why it is 
that at certain points we are never able to 
receive wireless signals properly. In other 
words, it seems to explain the problem of the 
“ blind spot ”’ because it is quite conceivable 
that the ionisation at any given point may 
be such as to preclude considerably, if not 
entirely, the pogsibility of oscillations of a 
given frequency taking place. I think it is 
justifiable also to assume that, beyond the 
temperature and illumination effects of the 
sun's rays on ionisation, atmospheric pressure 
may also play a part, or, in other words, that 
meteorology has quite a definite connection 
with wireless. Subsequent to forming this 
opinion I learnt recently whilst in Germany 
that there are certain parts of that country 
in which it is impossible to carry out accurate 
direction finding work during such times as 
there 1s bright sunlight accompanied by a 
sudden fall of atmospheric pressure. 


On the assumption that ionisation increases 
directly in proportion to solar illumination we 
might expect something of the state of 
affairs shown in Fig. 4. In the case of 
perfectly uniform davlight over very wide 
areas the ionised layer is, perhaps, held in a 
position of stable equilibrium by some electro- 
magnetic field due to the solar rays ; thereby 
giving rise to comparative density of ionisa- 
tion and consequent impedance to signals 
on wave-lengths above the lower limit. We 
remember, years ago now, before short 
waves were discussed, how ranges were 
generally reckoned to be increased by night. 


In practice absolute uniformity of daylight 
over great distances does not occur, owing to 
the comparatively slight alteration of other 
factors; and, therefore, we may have a 
condition of affairs where, for long distances 
during davlight, the medium, speaking 
generally, is uniform, semi-obstructive and 
somewhat variable to signalling, but for 
shorter distances is to all intents and purposes 
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uniform. To quote an example, D.F. on 
wave-lengths of 600 to goo metres during 
almost any sort of day is good at ranges of, 
say, 100-150 miles. It remains to determine 
practically whether the error increases as 
the distance between the two operating 
stations, or whether we find larger errors 
at greater ranges, or, again, whether D.F. 
on the shorter waves, t.e., those below the 
suspected low limit, is impussible. From 


my present experience this latter is the case. 

At night time, the ionisation may become 
considerably non-uniform, even, in fact, 
being widely broken up, and that waves of 
lengths above the low limit are vastly 
affected; while the shorter ones are unaf- 
I know, 


fected. too well, that ground 
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Fig. 4. 


stations taking bearings of aircraft during 
night flights are very often considerably in 
error, working on the wave-lengths previously 
mentioned, but have no experience as to 
whether the shortest waves, if it is possible 
to use them for D.F., would prove reliable. It 
would not be surprising to find that they 
would prove so since they very likely behave 
in the way that a series of machine gun 
bullets behave with most obstructions in 
its path. The “ pick up” is so large in a 
short space, for these very short waves, 
that D.F. does not seem hopeful at present. 

It does seem that the stronger the signal 
the less interference it experiences at night, 
and the straighter the path it follows. 
If this is true, and if also it is true that the 
density of ionisation increases the nearer we 
approach the ground surface, then the 
signals received on the ground from an 
aircraft are much more liable to variations 
than those received on the aircraft from a 
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ground station. In the latter case the 
maximum transmitted energy exists in the 
region most liable to cause trouble and, 
therefore, forces its way through with little 
or no damage being done. As it approaches 
the aircraft, and gets weaker and weaker, it 
enters a more and more uniform medium and, 
therefore, though in a more suitable condition 
to be affected, is actually lessso. This again 
is mere assumption, but, if true, will enable 
bearings to be taken, during night flights, 
on board aircraft and will afford a really 
invaluable aid to air navigation. 

The breaking up of the regular ionisation 
at night would also seem indicated by another 


Fig. 5. 
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General view of short-wave apparatus. 
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of Russia, most extraordinary noises became 
apparent in the receivers after nightfall 
whenever there was a display of Aurora— 
especially on one occasion when the station 
concerned was in the apparent centre of the 
disturbance. During that evening, for a 
matter of a very few minutes, Seychelles 
was read at tremendous strength by one of 
my operators, just before the display. We 
spent the whole of the night subsequent to 
the display in trying to work another station 
in the group only 160 miles away. Kemem- 
ber that this was in the days when the idea 
of working to the remote ends of the earth 
seemed really an utter impossibility. 
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The receiver (10-150 metres) is seen in the 


centre, and the synchroniser on the left. 


phenomenon. A comparatively strong mag- 
netic field would doubtless have some in- 
fluence over ionisation, and if the connection 
between light and magnetism is as close as 
I have assumed, the attraction or repulsion 
of huge groups of ions by terrestrial mag- 
netism to or from the poles, with all the 
consequent re-arrangements and re-adjust- 
ments of the particles giving rise to vast 
changes of frequencies, might conceivably 
so alter matters as to give rise to light 
phenomena such as we get in the Aurora 
Borealis. All that I know from experience 
is that, some years ago, when I had charge of 
a group of wireless stations in the far north 


As a mere hypothesis affecting wireless 
and mot as a theory perhaps it may be said 
that the ground surface definitely plays a 
highly important part in the process of 
ionisation. This surface ionisation decreasing 
in intensity with height and extending only 
a few hundred feet above the surface, 
varying with local conditions, and with the 
effects of day and night, affords, I suggest, 
a possible explanation of many of the well- 
known phenomena existing in our present 
state of development, and which are not so 
easily explainable on the theory of the 
Heaviside laver. It may be that sunlight 
is not capable of ionising the atmosphere 
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near the ground owing to the fact that those | 


ravs from the sun, capable of ionising gases, 
are not able to penetrate the entire depth 
of the atmosphere and become absorbed 
before they reach the earth. It is quite 
possible that, on the other hand, during 
certain times of low pressure these ravs are 
able to penetrate to the ground. We all 
know the effect of reducing the pressure 
between two electrodes in a glass vessel. 


Fig.6. Back of the transmitter. 


I have been most fortunate in getting for 
this paper a preliminary reading by a leading 
authority on atmospheric electricity. This 
gentleman has referred me to a document in 
French under the title of Electricité 
Atmospherique, by M. B. Chauveau, pub- 
lished by Librairie Octave Doin, Paris. I 
can thoroughly recommend those deeply 
interested in this subject to a thorough study 
of this publication. At the same time there 
are about to be published the results of some 
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very recent researches, based upon Larmor's 
work, which will throw a great deal of light 
on matters at present in the dark. In 
certain respects its publication would lead 
me to modify several points in this paper. 
But it is not yet public property and these 
views, although only two to three months 
old, must stand. It is only another example 
of the speed of development of our science. 

I think I am safe in saying that as we 


The “ broken down ” condenser ts removed (see Fig. 2). 


stand to-day wireless theory generally leaves 
very much to be desired. We continue 
to explain phenomena by theories which do 
not really afford explanations and I think 
that we must search farther for the true 
meaning of what is going on. I have put 
forward in these facts and notions a hypo- 
thesis which may lead to the establishment 
of a definite theorv, but I hope sincerely that 
what has been said will give rise to helpful 
discussion and that this discussion will 
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lead us to the determination that existing 
theories need revision. Personally, I shall 
welcome discussion, both constructive and 
destructive, but I hope that the discussion 
will be constructive. It is only too easy 
these days to present a destructive criticism, 
especially on so highly controversial a 
matter. We have, all of us, professional 
and amateur, an enormous amount of 
research work before us in this respect, and 
we must search for positive and definite 
explanations before we can even begin 
to understand where our work is leading. 


T 
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ket 


Fig. 7. The leading-in system. The masts, 40 ft. and 
70 ft., are not shown. The short-wave aerial isa 25 ft. 
vertical wire, and the long «wave aerial 70 ft. horizontal 
with 40 ft. down lead, average height 55 ft., L-shaped. 


It may be interesting to see one or two 
views of my private station, 20C, at Shep- 
perton-on-Thames, which is illustrated in 
Figs. 2, 3, 5, 6 and 7. These have little or 
nothing actually to do with the paper, but is 
perhaps of passing interest to you. 

Some time ago the British amateur was 
given a band of short wave-lengths to experi- 
ment with, and the results he obtained were 
startling to say the least, in so far as ranges 
and powers were concerned. His work 
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quickly led to minute investigation by the 
professional radio-engineer, with the result 
that our present knowledge was the outcome. 

An enormous amount of credit is due to 
those amateurs—those hercic souls who 
sat far into or even through the night often 
in complete personal discomfort—to deter- 
mine what we now know. For once the 
amateur has shown us the way. 

I can only say that we are quite willing 
again to be led in such a manner. 


DISCUSSION. 

Mr. P. R. Coursey: It is always interesting to 
have a paper which gives us another view of what 
may be a more or less commonplace matter. We 
are all now in the habit of speaking very freely ot 
ionised layers, Heaviside layers and so on, and that 
being so it is all the more interesting to have some- 
one come forward with at least some modification 
of the well-known ideas on that subject. The 
suggestion of a fairly low ionised layer, although it 
may not be substantiated—I cannot say as to that 
—is valuable and it is certainly interesting to learn 
that some data is probably forthcoming for publica- 
tion very shortly and will tell us a little more about 
it. That suggestion of a low ionised layer seems 
distinctly useful. I would suggest that it might 
probably follow from that, that there are existing 
streams of conducting and semi-conducting gas 
moving about in the atmosphere, at apparently 
low levels, and if that is the case, these streams of 
conducting gas—winds of conducting gas—might 
be a very easy means for accounting for the direc- 
tional changes which are observed. It is like 
putting a conducting loop near a D.F. receiver. 
We all know what errors are produced in that way, 
particularly, of course, on board ship or aircraft 
if there is any conducting metal in the neighbour- 
hood of the D.F. receiver. I think, also, that such 
conducting streams of ionised gas might help to 
account for the earth-air currents which are 
observed by meteorologists. The fact that these 
currents are known to exist means that there must 
be a movement of electrons near the earth’s surface 
and it is possible that they may exist in com- 
paratively large bulk. The suggestion that these 
patches of low level ionised gas may account for 
blind spots, also seems very instructive and I am 
sure we are indebted to the author of the paper for 
these very useful and instructive suggestions. 
Personally, I often feel that the pictures that are 
shown illustrating or purporting to illustrate the 
reflections and refractions in the upper ionise 
layers, seem a little far fetched. They are always 
so obviously drawn to illustrate what the lecturer 
wants to talk about, and whilst they are prettily 
drawn to show rays sent from a station at A to 
another at C and missing out another at B, it is 
periectly obvious that one could draw another line 
which would connect up with B and C, and whilst 
considerations of reflections and refractions, critical 
angles, etc., obviously lead to limitations as to 
where one can draw rays, there seems to be a very 
wide range of possibilities that are not altogether 
satisfactorily explained by the generally accepted 
theory, as far as I am aware. This, all the more, 
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seems to render useful the suggestion of other 
patches of ionised gas at a very much lower level, 
which may move about, and probably fairly rapidly, 
by ordinary meteorological convection and wind 
circulation. Finally, we must thank the author 
for a very interesting paper which we hope will 
lead to useful results. 

Admiral Sir Henry Jackson: I think the author 
has given us a very interesting paper, but it is one 
that must be read carefully to get to the bottom 
of all the points raised. He puts forward what 
may be considered the accepted theories of most 
people, although there are scientists who differ 
from this accepted idea of the Heaviside layer 
theory. With regard to the different results from 
different wave-lengths, it is rather early to speak. 
Plenty of people are working on wave-lengths 
from 20 to 100 but very few are doing much with 
Io metres and it may be that the Io-metre wave- 
length will do just as well as the others, but that 
there has not yet been a receiver at the right place 
tuned to receive it. Therefore it is a little hasty 
to say that a IO-metre wave will not go far. Per- 
haps that will come out in the course of further 
trials. In my opinion there is no doubt—and 
also in the opinion of the Radio Research Board 
—that the deflection of waves from the upper 
atmosphere has actually been proved by scientific 
measurements. The paper published before the 
Roval Society a week or two ago by Prof. Appleton 
is one proof, and there is proof from a gentleman 
in America who did it with low frequency. There 
are other papers by the staff of the Radio Research 
Board which will appear shortly and will corrobo- 
rate this. There are really four difterent methods 
which have been tried and which prove this, and 
these down-coming waves can practically be proved 
to be the cause of fading and other variations. 
Where they come: from and whether they are 
refracted or reflected is not yet proved, but there 
seems to be general agreement that the height of 
this reflection is about 80 kilometres. although it 
varies. I think it probably varies by day and by 
night and that is a point I hope we shall be able 
to take up. There is no doubt it plays an important 
part in radio communications and it may have an 
important bearing on the results obtained from 
aeroplanes. It is rather early to speak, however, 
until definite systematic experiments have been 
carried out. 


Mr. E. H. Robinson: I am very interested in 
the paper, but I do not think I can add very much 
because the author has summarised the present 
state of our knowledge with regard to short-wave 
work fairly completely. At the same time we 
ought to be rather careful about arriving at con- 
clusions with regard to the theory underlying short 
wave transmission. The period during which 
amateurs and others have been studying waves 
below 100 metres is very short, and even our 
experience of 45 metres dates back barely a year. 
Therefore I think it is a little premature to go too 
far on the theoretical side before a larger quantity 
of practical data has been collected. Thanks to 
the activity of the TR R Section, I believe the 
ettorts of the amateurs are going to be co-ordinated 
and their data collected as far as possible, but so 
far, over a period of a year or two, very few experi- 
menters have actually made consistent observations 
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which they have published. The theories which 
have been put forward have really been put forward 
by one or two people and have been reproduced 
here and there in different perioditals and papers, 
and we get the idea that they are more generally 
accepted than they really are. In addition to the 
phenomena of reflection, refraction and the Heavi- 
side layer effect on short-wave transmission, I should 
like to draw your attention to the possibilities of 
the effects of polarisation, which are known to 
exist but which are not remarked upon so much 
as is reflection. Any ordinary aerial will set up 
a polarised wave, t.e., the oscillation will take place 
in one direction in a plane perpendicular to the 
direction of propagation. After travelling some 
distance, the plane of polarisation may alter or 
a different svg aliso in a different plane of 
polarisation may be introduced by the waves coming 
via different paths, and you get at the distant 
point an elliptically polarised wave. In general, 
what you get over big distances is an elliptically 
polarised wave and that means that whichever way 
you send a signal into the aerial it will have some 
effect. If you consider, however, a fixed aerial 
and a signal arriving, the inclination of the plane 
of polarisation may be varied by something in the 
intervening medium. Here again you have a 
totally different explanation of fading, and one 
which probably operates simultaneously with and 
independently of the reflection ettect. I thought it 
would be interesting to point that out because I 
think it is very important. 

Mr. H. Bevan Switt: The paper has been 
excellent and full of interest to those concerned 
with short wave work. I should like to start by 
thanking the author for the statement he made 
at the end of the paper, that the amateurs have 
helped to show the way. I think we are all very 
grateful, especially the members of the T.& kK. 
Section, for that remark. The author's reference 
about the simplicity of apparatus for short wave 
working is very important. The simpler the 
apparatus the better both as regards the circuits 
for transmission and for reception. Too many 
people are coming down to short waves using super- 
circuits. If you listen down on 45 metres you can 
hear them tuning on their superheterodynes and 
it is going to be a great nuisance, and a great 
source of trouble and interference to those who 
are trying to do serious work down there. Again, 
I should like heartily to endorse Mr. Robinson's 
remarks that it is extremely premature to try to 
come to any definite conclusions about short wave 
work yet. We do not know where we are with 
regard to the Heaviside layer. As I think I 
remarked in the discussion on Captain Mills' paper 
at the last meeting, this is a thing which wants 
organising but we cannot organise it. It is there, 
and we have got to put up with it and the best 
thing is to find some means of combating it. To 
my mind, we shall have to do something on the 
lines that Mr. Robinson has laid down, t.e., direc- 
tional transmission. We shall have to treat the 
Heaviside layer as a sort of cushion against which 
we shall have to take aim for a rebound in order to 
get the station we want to send to. lt is possible 
to conceive that some years hence we shall be taking 
aim with our receivers. We know the locality of 
the station we want to speak to and by some means, 
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When all is said and 
done, however, we Should very much like to know 
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over several degrees within a minute and, in con- 
sequence, our D.F. positions have an average error 
of two miles. One interesting case was that of a 
machine over Lympne aerodrome, the bearing of 
which was 5° different to that of Lympne taken 
at the same time. If anybody can explain that I 
shall be very pleased. It is rather interesting in 
view of Mr. Coursey’s remarks on streams of 
ionised gases. 


Mr. F. L. Hogg: We have been rather prone to 
discuss the Heaviside layer and say that a wave 
will go up in a certain way and be reflected, but 
are we justified in assuming that we are getting 
such reflection from the Heaviside layer or that 
there is such a thing as a critical angle for the 
Heaviside layer as for glass or any other medium ? 
I cannot help feeling that we are pursuing the 
analogy between that and reflection and refraction 
a little too far, because the reflection and refraction 
of the Heaviside layer which we are assuming is 
not true reflection and refraction but a gradual 
bending effect. I thought I would like to mention 
that point as one worthy of further consideration. 


Captain Duncan Sinclair, replying to the dis- 
cussion, said: I think that Mr. Coursey has very 
aptly hit the nail on the head when he spoke of 
streams of ionised gas. I can call to mind one 
particular case where we were getting perfectly 
correct wireless transmission and reception over 
an enormous ravine, some 40 or 50 miles long. We 
were situated comparatively high at one end, but 
from another station which was slightly on the 
flank, we were getting no signals at all. In other 
words, there was some definite “ stream ” in that 
valley. I quite agree with Mr. Coursey when he 
says that the picture of the Heaviside layer as it 
is often drawn is a very pretty one, but why does 
Station A transmit to C and miss B? I have 
never been to the Heaviside layer and I do not 
suppose I ever shall get there and I am unable, 
in the present stage of my experience, to answer 
the question. But there seems to be very little 
doubt—I am including the remarks of the las: 
speaker in this—that at any given moment the 
angle of reflection or of the rebound, if you like so 
to call it, is fairly critical, and that the penetration 
of a given wave-length into the Heaviside layer 
varies very much from time to time. Sir Henry 
Jackson did something which I hesitated to do. 
He mentioned the Radio Research Board as a 
possible correcting authority on certain points 
which I have mentioned to-night. You will 
remember that I said in my concluding remarks 
that there is about to be published the results of 
some recent researches based upon Larmor's work, 
and it was this particular research that I had in 
mind, coupled with Dr. Appleton’s, for the proof 
of the existence of the Heaviside layer. As to 
my remarks about reception on an aircraft as 
against reception at a land station from an aero- 
plane, I hope to have something more to say on 
this later, because early next month we are carrving 
out tests of night flying with a Vickers machine, 
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with the object of determining whether we cannot 
get rid of these troublesome errors which the 
Bellini Tosi system gives during the night, in order 
to render night navigation by direction finding 
wireless an absolute possibility. Mr. Robinson 
called for the co-ordination of the work of amateurs, 
and I remember that Captain Miles, in his paper 
last month, besought you all to put down what 
you do and keep a record. Therein lies the value 
of your work. We are struggling to find out 
something about short waves and all of you can 
help enormously by keeping a log and classifying 
the evidence on every point. Mr. Swift spoke of 
peaks of signal strength. A previous speaker 
requested me not to be too hasty in coming to any 
decision and I assure him that I refuse to come to 
any unduly hasty decision on this point. I would 
just like to make one point. You nnow that as 
the sun sinks over the horizon you get a changing 
series of skies which go practically through the 
whole scale of the spectrum, under certain meteoro- 
logical conditions, culminating in the red. As 
each one of these colours changes, it may be that 
you get a certain phenomenon taking place which 
will give you first of all a strong signal and then a 
weak signal. I give you the idea for what it is 
worth. Mr. Child wants an extension of facilities, 
as far as the Society is concerned, as regards wave- 
lengths and he mentioned the Government Depart- 
ments. I am connected with the Air Ministry 
and I can only speak in a personal way. For the 
Air Ministry, I can say this: we are inclined at 
least to be friendly, we wish you well and as 
amateurs we have faith in you. 


Mr. H. Bevan Switt: It gives me very great 
pleasure to propose a vote of thanks to the author 
for his excellent paper. We cannot have too many 
papers on the subject of short waves as it is a 
matter which interests us all. I should like to 
assure Mr. Sinclair that so far as the remarks he 
made just now are concerned, we of the T & R 
section shall be only too pleased to co-operate in 
gaining information and in carrying out tests in 
any way we possibly can to increase the knowledge 
of short waves and help us to progress as a nation. 
It is with very great pleasure that I propose a 
cordial vote of thanks to Mr. Sinclair. 


Mr. R. J. Hibberd: I have very great pleasure 
in seconding the motion. There is one thing 
which struck me in the lecture and that is the close 
association of meteorology with wireless. I am 
sure there is much to be done in this direction and 
in seconding this motion I appeal to all members 
to carry out some research work in this branch of 
wireless. I am certain there are many things 
waiting to be discovered. I have done a little in 
a small way myself and it has made me realise 
what a vast field of research it offers. I have no 
doubt that the next time Mr. Sinclair comes here 
he will tell us about wave-lengths on the minus 
side of zero. I feel that we are getting down there. 


The vote of thanks was carried unanimously. 
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The Rectification of Small Radio- Frequency 


Potential Differences 
of Triode Valves.—Part IV. 


by means 
[R134 


By F. M. Colebrook, B.Sc., A.C.G.I., D.I.C. 


C.—Autodyne (Homodyne) Reception. 


20. In addition to grid and anode rectifi- 
cation there is a third way in which a valve 
can be used for the detection of either 
continuous wave or modulated continuous 
wave signals. The distinctive feature of 
this method is that the circuits associated 
with the valve are in a state of continuous 
self-generated oscillation during the recep- 
tion. Almost any convenient form of self- 
oscillating circuit can be applied to this 
method of reception, one of the simplest 
being that illustrated in Fig. 29, which is 
seen to be the same as the ordinary grid- 
rectifying circuit with reaction except that 
the grid-circuit resistance and grid con- 
denser are omitted. 


Fig. 29. 


A full account of this subject will not be 
attempted in this paper, as the analysis 
involved is of so complex a character that 
it is doubtful if any useful form of mathe- 
matical statement could be arrived at. A 
brief description is included for the sake of 
completeness, and it is hoped to return to 
the subject at some future date. 

Under suitable conditions of coupling 
between the grid and anode coils, self- 
maintained oscillations will be produced in 
the grid circuit. A milliammeter included 
in the anode circuit will show a considerable 


increase of anode current when this con- 
dition obtains. Since there is no appre- 
ciable change of mean grid potential (the 
external resistance in the grid circuit being 
negligibly small) this change of mean anode 
current must clearly be due to the rectifi- 
cation of the alternating components of the 
anode current by means of the curvature 
of the anode characteristic over the range 
of alternating grid voltage, which may be 
of considerable amplitude. The conditions 
are essentially those of anode rectification 
and heterodyne reception, operating at the 
maximum sensitivity. The magnitude of 
the change of mean anode current is very 
sensitive to the amplitude of the oscillation 
of the grid circuit. If the latter is tuned to 
a frequency nearly equal to that of a con- 
tinuous wave signal E.M.F. induced in the 
coil by coupling to an aerial or other receiving 
system, the interference between the two 
E.M.Fs. will give rise to a periodic variation 
of the amplitude of the grid circuit oscillation, 
which variation can be made to occur at an 
audible frequency. This variation will in 
turn produce in the anode circuit a corre- 
sponding variation, at the same frequency, 
of the magnitude of the change of anode 
current, f.e., it will give rise to a “ beat 
frequency ” change of anode current which 
can be made to operate telephone receivers 
either directly or after low frequency amplifi- 
cation in the ordinary manner. 

The above process is usually described as 
autodyne reception. It is characterised by 
very great sensitivity. As an example it 
may be mentioned that an 18-in. frame 
with a centre tapping connected as a “ shunt- 
feed” Hartley circuit with single plate 
condenser control of the reaction, 1.e., of 
the oscillation amplitude, followed by one 
low-frequency amplifying valve, will pick 
up the carrier waves of all the B.B.C. 
stations. 
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The application of the above method to 
the reception of modulated continuous waves 
is as follows: A carrier wave of frequency 
w/2m modulated with a single pure tone of 
frequency n/2m can be shown to be equiva- 
lent to three continuous waves of fre- 
quencies w/2m and (w--n)/2m respectively. 
If an E.M.F. of this character is induced in 
an oscillating grid circuit of which the oscil- 
lation frequency is kept constant at w/27 
then the carrier wave will be in synchronism 
and will not produce any beat tone. Each 
of the other two waves, however, will give a 
beat frequency m/27 and a corresponding 
modulation frequency component of current 
in the anode circuit. Similarly, of course, 
for a modulation of any character. Thus, 
provided the grid circuit oscillation is held 
accurately synchronised with the carrier 
wave, there will be produced in the anode 
circuit a current having the same, or nearly 
the same, wave-form as the modulatiort, the 
faithfulness of the reproduction depending 
chiefly on the extent to which the change 
of mean anode current is a linear function 
of the amplitude of the grid circuit oscil- 
lation. 

The term “homodyne” has been given 
to this method of reception. It is a con- 
venient name to distinguish it from the 
autodyne reception of continuous waves. 
The success of the method obviously depends 
on the extent to which exact synchronism 
can be maintained between the carrier wave 
and the local oscillation. In practice it 
would probably be impossible to maintain 
the exact synchronisation required if it 
were not for an effect described and analysed 
bv E. V. Appleton. Under suitable con- 
ditions of relative amplitude, t.e., if the 
carrier wave E.M.F. is of a certain intensity 
compared with that of the local oscillation, 
the latter will be controlled as to frequency 
by the former, automatic synchronisation 
being obtained. The phenomenon is a 
familiar one in another connection, namely, 
the wide silence band obtained when using 
a heterodyne wavemeter too closely coupled 
to the source of oscillation which is being 
measured—sometimes an apparent failure 
of the beat tone altogether, due to the 
same cause. 

This automatically synchronised condition 
is quite easy to realise at distances up to 
15 miles or so from a main B.B.C. station, 


‘Proc. Camb. Phil. Soc., 22, pp. 231-248. 
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and, of course, at even greater distances if 
preliminary high-frequency amplification is 
employed. In fact it is very probable that 
many persons habitually receive broadcast 
transmission in this way, for although a 
“ grid-leak ” and condenser are not required 
for the process, they will not prevent its 
occurrence, the only difference being that 
the oscillating condition will produce a 
decrease of mean anode current instead of 
anincrease. This is due to the fact that the 
rectification of the alternating grid potential 
will give rise to a lowering of mean grid 
potential which more than counterbalances 
the increase of anode current produced by 
anode rectification. A distinctive feature 
of this type of reception is that a small 
displacement of the tuning of the receiving 
circuit in either direction will cause a hetero- 
dyne howl, since the local oscillation 1s 
pulled out of step with the carrier wave. 
As a matter of practical politics the method 
is not one to be encouraged, for though the 
oscillating valve is quite harmless in its 
controlled state, this condition cannot be 
reached without a certain amount of pre- 
liminary howling, and the local oscillation 
is always liable to be pulled out of step by 
subsequent adjustments of the receiving 
circuit. It is, however, a very interesting 
as well as a very sensitive method of recep- 
tion, and one of which the possibilities have 
not yet been fully explored—probably 
because it is not very well known. 


21. General conclustons. 


In the present and the preceding paper 
already referred to, the author has analysed 
closely the behaviour of crystal rectifiers 
and various valve circuits as applied to the 
rectification of various forms of wireless 
signals. It should therefore be possible 
to draw up a complete quantitative com- 
parison of the various arrangements on the 
basis of their efĥciency in converting wireless 
signals into continuous or audible frequency 
energy changes. 

In practice, however, no such comparison 
of general applicability can be made, since 
so much depends on the actual conditions 
of operation and the requirements to be 
fulfilled in any given case. 

Suppose, for instance, that it is a question 
of converting a continuous wave signal into ' 
continuous current energy. It has been 
shown in the course of these papers how the 
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maximum continuous current energy obtain- 
able from the rectification of a given high- 
frequency E.M.F. can be calculated. In 
every case it is an expression of the form 
E.2/4Re, where E, is an effective rectified 
E.M.F. associated with an apparent internal 
resistance R.. The following table gives 
typical results for various rectifying arrange- 
ments with a signal amplitude of .7 volt. 


Opt. — Max. D.C. 


Method of 
rectification. load. power. 
Galena Crystal 100 ohms. | 200 X 1078 
Zincite-Bornite I 000 ohms. 20 X 1078 
Valve. Anode rect. IlO 000 ohms. .7 X 1078 
Valve. Grid rect. .. 50 000 ohms. 50 X 1078 


————— NE EA = 
These are, of course, round figures, and 
different individual specimens, particularly 
of the crystals, might give results differing 
by 100 per cent. or more from the above 
values. They do, however, indicate the 
general nature of the comparison under the 
stated conditions. 

But these conditions are so remote from 
those likely to obtain in actual reception 
that the comparison can only be described 
as academic. In the first place, it assumes 
a given fixed E.M.F. acting on the rcctifier 
terminals. In practice the E.M.F. available 
for rectification will deperd very greatly 
on the load imposed on the receiving circuit 
by the rectifying arrangement, and a much 
more reasonable basis of comparison would 
therefore be the energy transformation 
efliciency under specified conditions, t.e., 
the ratio of the D.C. power to the high- 
frequency power necessarily consumed in 
the process of rectification. Here again, 
however, the comparison breaks down, as 
between valves and crystals, for in almost 
every valve rectifying arrangement the use 
of reaction gives a wide control of the load 
imposed on the receiving circuit. With 
direct crystal reception this control of the 
load cannot be obtaired, so that for any 
given case there is a fixed optimum circuit 
condition, a feature which has been discussed 
elsewhere by the writer.1 

In connection with this question of energy 
transformation a point of difference should 
be noted between the two chief methods of 


1 “What is the Best Circuit forCrystal Reception ?”’ 
F. M. Colebrook. Wireless World. 30th April, 
1922 (p. 122). 
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valve rectification. Grid rectification oper- 
ates in virtue of a load imposed on the 
receiving circuit. Anode rectification, on 
the other hand, does not require the absorp- 
tion of any power from the receiving circuit. 
But again, in practice, inter-electrode 
capacity minimises this distinction at all 
except very long wave-lengths, and, in both 
cases, the load can be controlled by reaction. 

At present the most general, though not, 
perhaps, the most important, application 
of rectifiers is to the reception of broadcast 
telephony. In this connection the most 
important consideration is not the efficiency 
of the process but the purity of the repro- 
duction of the modulation. From this point 
of view, crystals have a superiority over 
valves in two respects. In the first place 
their rectification characteristics (t.e., recti- 
fied current plotted against high-frequency 
E.M.F.) are very nearly straight lines for 
signal amplitudes greater than a few tenths 
of a volt. This ensures that extraneous 
frequencies introduced by the rectification 
process shall be of very small amplitude 
compared with the original frequencies. 
In the second place, the effective internal 
resistance to the modulation frequency 
currents is much smaller than that associated 
with either type of valve circuit. The 
significance of this fact from the point of 
view of purity of reproduction has been 
dealt with in the first part of the paper. 
Further, as compared with grid rectification, 
crystals have the advantage of freedom 
from the inherent distortion effect described 
in Section 13. Once more, however, no 
general comparison can be made, since the 
acoustic characteristics of the load would 
also need to be considered. 


As between the two different types of 
valve rectifying circuit, anode rectification 
is intrinsically far less sensitive as judged 
by the D.C. power obtainable from the 
rectification of a given signal. Cn the 
other hand, it is free from the grid con- 
denser effect in the reception of modulated 
continuous waves or in heterodyne reception, 
and may therefore give an equal or even 
greater sensitivity at comparatively long 
wave-lengths (say, 3000 metres or over). 


On the whole, it would seem that the best 
arrangement of all is one which combines 
the intrinsic sensitivity and purity of the 
crystal with the energy efficiency of the 
valve. An arrangement of this kind is 


THE WIRELESS ENGINEER 93 


illustrated in Fig. 30. This is essentially 
direct crystal reception with the load effect 
of the crystal neutralised by valve reaction. 
Using a frame aerial with an 18-in. side, 
2LO can be received at comfortable intensity 
at a distance of over twelve miles. A large 
number of similar arrangements are possible, 


SINGLE PLATE 
CONDENSER 


R.F. 
CHOKE 


Fig. 30. 


their effectiveness depending chiefly on the 
fineness and smoothness of the reaction 
control. 

Finally, at the end of a somewhat lengthy 
paper, the writer is conscious of the fact 
that his treatment of the subject, though 
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fairly comprehensive, is very incomplete 
This was almost inevitable, on account of 
the wide extent of the ground to.be covered. 
He hopes, however, that he has succeeded 


‘in reducing the analytical side of the subject 


to manageable form, on the basis of which 
the fuller elucidation of particular cases can 
be carried out at some future time. 


APPENDIX IV. 
[ ie) = are 
f (e = abebe 
fle; = abĉebe, etc., etc. 
Therefore F 
F (E) = abG (bE;/2). ‘See equation (7.8).) 
FE) = ab?G (bE/2) 
F(E) = ab3G (bE/2), etc., etc., 
and from equation (13.10) 
L abG (bE 2) f I +b (v—i'g—te) + = (V—i'y—u,) 
R, (Vie | 0 c 2 0 c 
EE oe a ing. ) 
5! (UV-im-t) ...ete., etc., ad inf. | 


= abt t t+) G (bE/2) 
and since, from equation (7.7) 
blogt t) «Lo E ve) = abR.G(bE/2) 
Therefore 
a, a OE] 


R, R 


Standard Specifications for Vulcanised Fibre 


and Press Boards. 


ebonite recently issued, two other speci- 
fications* governing electrical insulating 
materials have recently been compiled by 


To with the specitication for 


the British Engineering Standards Associa- 


tion which are of particular interest to the 
wireless industry. The preparation of the 


* B.E.S.A. Specification No. 216/1926. Vulcan- 
ised Fibre for Electrical Purposes. ‘B.E.S.A. 
Specification No. 231/1925. Press Board for Elec- 
trical Purposes, obtainable from the British 
Engineering Standards Association, Publications 
Department, 28, Victoria Street, London, S.W.r. 
Is. 2d. each post free. 


specifications has undoubtedly entailed con- 
siderable research work on the properties of 
insulating materials, and the values given, 
as well as details of the methods of testing, 
are based on the results of the researches 
carried out by the Electrical and Allied 
Industries Research Association. 

The methods of testing have been devised 
for the guidance of all interested to secure, 
in the first place, the use of the best available 
methods of test in the development of im- 
proved material and, in the second place, 
uniformity of practice so that data obtained 
by different observers may be comparable. 
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The Piezo-Electric Effect and its Application 
to Wireless. 


By C. W. Goyder (2SZ—2HM). 


[R351-218 


The recent experiments of the writer are given in the following article, with a general outline of 
the subject. The field is new, and any other amateurs wishing to investigate it will find it most 
interesting and useful in its practical application. 


HE piezo-electric effect was discovered 

l in 1890 by the Curies, but it was of no 
practical use until very recently, when it 

was utilised for converting sound waves to 
electrical impulses (microphones), and con- 
versely for changing electrical impulses into 
sound waves (loud-speakers). In 1922, Pro- 
fessor W. G. Cady, of the Wesleyan Uni- 
versity, Connecticut, developed the theory 
of the use of the quartz crystal as a resonator, 
and applied the principle to frequency 
measurement. More recently G. W. Pierce 
and Dr. Hoyt-Taylor of America have 
extended and improved the practical appli- 


cation. 
The Piezo-Electric Effect. 


The principal substances exhibiting this 
property are Rochelle salts, cane sugar, 
tourmaline, zinc silicate and quartz. 

Rochelle salts give the greatest piezo- 
electric response, but, unfortunately, it is 
dificult to work Rochelle salt crystals, 
and also, as they are affected by atmospheric 
conditions, they cannot be relied upon for 
constancy. For other than constant fre- 
quency work they are very suitable, as the 
crystals can be easily made by evaporating 
slowly a solution of Rochelle salts. 

Quartz is the only piezo-electric substance 
used in radio work, as it is not appreciably 
affected by atmospheric conditions and is 
very strong physically. Its hardness is 
intermediate between that of glass and 
diamond. 

It is interesting to find what difficulty 
there is in obtaming a suitable specimen of 
quartz when such large quantities of it 
exist. Over one-tenth of the earth's crust 
is made up of quartz. Silica is chemically 
identical with quartz, flint and sand are 
both modifications. When coloured by 
various impurities it occurs as amethyst, 
agate, jasper, etc. 


The quartz crystal for radio work should 
be quite clear, without flaws or bubbles. 
The surfaces should be smooth. A crystal 
such as shown is a convenient size, from 
Which several slices may be cut. The width 
is approximately 2in., length 3in. Un- 
fortunately, it is not possible to tell by mere 
inspection whether the crystal will be suit- 
able for radio work. It may be a twin 
crystal. 


„- A natural quartz crystal (right) and (left) one 
cut perpendicular to the optical axis. 


The optical property of a plate of quartz 
cut perpendicular to the optical axis is that 
it rotates the plane of polarisation of light. 
However, some pieces of quartz rotate the 
plane in a clockwise direction. By a“ twin ” 
crystal is meant one in which both types of 
quartz are present in one crystal. It can 
be seen that the mixture of the two kinds of 
quartz will diminish or annul the rotation 
effect. The only method to determine 
whether the crystal is pure or twin is to cut 
ofi the top and bottom of the crystal and 
polish the surfaces so that it is possible to 
see through. Then, if reflected light trans- 
mitted through the crystal is viewed through 
a Nicols prism, when the prism is rotated the 
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light is completely cut off in one position if 
the crystal is pure. If it is twin, the inter- 
ference between the two types of quartz 
crystal will allow light to pass through in 


mig 
ik: 
Wai 


AP GEOMETRICAL 


eLEcraica NZ 


Fig. 2. 


some parts of the crystal and not in others, 
While the surface junction between the two 
forms shows up as a jagged outline resem- 
bling a large crack perpendicular to the 
optical axis. A pure crystal gives the 
greatest piezo-electric response and is essen- 
tial for resonator work. For an oscillator 
it is not so necessary. Mention is made of 
this later. 

The axes of a quartz crystal are shown in 
Fig. 2. It is evident that there are three 
geometrical and electrical axes, therefore in 
choosing a slice of the crystal for a resonator 
or oscillator, use is made of the axis which 
allows the slice to be taken out at the greatest 
distance from any flaw or bubble. The 
position of a slice required in a crystal is 
shown in Fig. 4. 


Fig. 3. Showing how a slice is cut out and subsequently ground. 
are for oscillator work and the small one is a resonator. 
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If the crystal is placed upon a flat surface, 
and a 30 degree set square is held against its 
face, the line of the set square will indicate 
the direction of the length of the crystal 
(Fig. 5). The thickness will, of course, 
depend upon the frequency required. 

It has been stated that it is possible to 
cut out a slice with the back of a hacksaw 


“blade and carborundum powder, but the 


author certainly does not recommend any- 
one to try it! Apart from physical con- 
siderations, the difficulty of keeping a saw 
blade at the correct angle for several hours 
should be sufficient argument. 

When the slice has been cut out, it is 
comparatively simple to grind the crystal 
down to the required thickness, using fine 
carborundum powder, and testing frequently 
with a wavemeter until the required wave- 
length is reached. 


Fig. 4. 


A slice of quartz crystal cut in the correct 
axis and approximately three-quarters of 
an inch square may be obtained from the 
J. W. King Lapidary Co., Ltd., 1, Albemarle 
Street, St. John’s Square, London, E.C.1, 
for £1. The crystal is not guaranteed pure, 


The square crystals 
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or to have oscillating properties. The slice 
1s about 1.5 millimetres thick. While these 
crystals are very useful for experiments 
using the quartz crystal as an oscillator, they 
are not usually suitable for resonators, due 
to the doubtful quality of the original quartz. 
The author took his chance with two of these 
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crystals, and they both worked perfectly well — 


as oscillators. One is at present in use in 
the crystal-controlled transmitter. 

A crystal cut accurately and ground with 
the faces parallel to one or two hundred- 
thousandths of an inch and within 5 per 
cent. of a specified wave-length, may be 
obtained from Adam Hilger, Ltd., 24, 
Rochester Place, London, N.W.1. These are 
about half an inch in diameter, are guaranteed 
to have oscillating properties, and are 
specially suitable for crystal control trans- 
mitters. Small crystals for resonator work 
only, 2.5 centimetres long, 3 millimetres wide, 


Fig. 5. 


and 1.5 millimetres thick in the electrical 
axis can be had for about 17s. 6d. 

The Curies found that when a crystal of 
Rochelle salt was placed between two metallic 
plates and pressure was applied, an electrical 
charge was produced on the plates. They 
called this piezo-electricity (piezo from the 
Greek, meaning to press). In Fig. 6, force 
acting In either direction of the arrows will 
produce a charge on the plates. If the force 
is reversed so that it acts in a direction 
opposite to that of the arrows, the charges 
on the plates will be reversed also. Here 
we have a mechanical effect giving rise to 
an electrical effect. It might be expected 
that by reversing the conditions an electrical 
effect will give rise to a mechanical effect. 
This is found to be true. 

If a potential difference is established 
between the plates, the crystal will shorten 
in the direction AB and lengthen in the 
direction BC, 


EXPERIMENTAL WIRELESS & 


Consider a slice of quartz cut from a crystal 
as shown in Fig. 2. It is a solid body 
having a certain degree of elasticity. There- 
fore, if pressure is applied it will be com- 
pressed. Potential energy is stored up in 


Fig. 6. 


it which is tending to restore it to its original 
position. If the pressure is suddenly re- 
leased, the slab will try to return to its 
original shape, but due to its inertia will 
swing past the position and oscillate until 
its energy is expended in an exactly similar 
manner to that in which a violin string, if 
moved from its normal position and released, 
will vibrate. The violin string vibrates at 
an audio frequency, but the quartz crystal 
vibrates at a radio frequency. 

Therefore, if the slab of quartz is struck 
it will vibrate for a few moments at a 
definite frequency determined by its density 
and modulas of elasticity. But, due to the 
piezo-electric effect just mentioned, during 
the vibration (which consists of a com- 
pression and extension of the faces of the 


Fig. 7. 


crystal), an alternating potential of a fre- 
quency, equal to that of the frequency of 
vibration of the crystal, will be produced 
on the faces. If we now maintain the 
mechanical vibration of the crystal we have 
a constant frequency alternating potential. 
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Fig. 8. The crystal-controlled valve. 


Consider a quartz crystal in the circuit 
as shown in Fig. 7. If the switch S is 
closed, the first surge of current produces 
a potential difference across the inductance 
L,. This P.D. is impressed on the crystal 
by the plate to grid capacity of the .valve, 
and causes the crystal to contract. When 
the crystal expands, it, by virtue of its 
piezo-electric property, sets up a P.D. 
between the grid and filament of the valve, 
which in turn affects the plate circuit, and 
so the circuit oscillates. The frequency 
is dependent upon the mechanical vibration 
frequency of the crystal, which is inappre- 
ciably affected by the variation of anything 
external to the crystal itself. 


For the short wave-lengths used in amateur 
radio, the frequency dependent upon the 
dimension “1,” Fig. 4, is employed. The 
crystal will also oscillate at a frequency 
dependent upon its length and width, which 
is, of course, a much lower value. The 
constants of a quartz crystal are such that 
it will vibrate at a frequency corresponding 
to approximately 105 metres per millimetre 
thickness of crystal, but this is, however, 
quite an indefinite value. Mr. Underhill, 
of Adam Hilger, Ltd., who is in charge of 
the work there, has found crystals varying 
from 100 to 113 metres per millimetre 
thickness of crystal. The purer specimens 
apparently have the larger values. The 


The crystal is between the brass disc and steel block (left). 


crystal used by the author responded to a 
wave-length of 104 metres per millimetre 
thickness. : 

If a crystal 1 millimetre -thick was con- 
nected in an ordinary regenerative circuit as 
shown in Fig. 9, a response would be ex- 
pected at, say, 105 metres, and another at 
52.5 metres, the second harmonic of the 
crystal. When the condenser is varied to 


Fig. 9. 


pass through 105 metres, the expected click 
is heard when the set stops oscillating, due 
to the greatly increased damping at the 
resonant frequency. Similarly at 52.5 
metres. But, with one crystal, contrary to 
expectations, over 100 smaller resonances 
were found between these two wave-lengths ! 
Some were very weak, others quite strong, 
and in a small band of two metres 28 were 
found packed closely together. There was 
apparently no symmetrical relation between 
the strengths or the wave-lengths of the 
D 
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resonances. It is difficult to imagine where 
these all come from. It would be possible 
to get all the harmonics of the crystal and 
those due to interference between the 
fundamental and harmonics, etc., but this 
would not explain the unsymmetrical position 
of the many others. They are probably 
due to irregularities in the quartz, such as 
a partial twin formation, inaccuracies in 
cutting the slice from the correct axis, faces 
not quite parallel, or possibly a slight 
variation in density of the quartz. This is 
borne out by the fact that very pure and 
accurately cut specimens are almost devoid 
of these minor resonances. 

It is obvious that a crystal such as that 
just mentioned would be no use for resonator 
work, due to the difficulty of finding true 
resonances, but for oscillating work it 
apparently is immaterial. This same crystal 
is now in use as the oscillator in the crystal- 
controlled transmitter. It oscillates at only 
one frequency, which may be assumed to 
be the fundamental, the others being too 
weak to produce oscillation. 


Practical Application of the Quartz Crystal 
for Resonators. 


It is very difficult to build a wavemetre 
which will maintain a reasonable degree of 
accuracy, due to the many factors which 
may change and vary the calibration, such 
as :— 

(1) Variation in H.T. or L.T. voltage. 

(2) Effect of damp and temperature 
variations on coils. 

(3) Variation due to necessity of chang- 
ing a burnt-out valve, or that due to 
sagging of the filament or other element. 

(4) Slipping of dial on spindle. 

(5) Variation in condenser capacitydue 
to inevitable warping of the plates. 


Considering the effect of error (1)—The 
grid tuning condenser has the grid con- 
nected to one side, the filament to the 
other. This adds the inter-electrode capa- 
citv of the valve to that of the grid tuning 
condenser, and also the grid to filament 
resistance of the valve. Variations in the 
L.T. supply to the filament vary this resis- 
tance, which is in parallel with the capacity 
in the circuit. A resistance in parallel with 
a capacity increases the effective value of 
the capacity. Therefore variations in the 
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internal resistance of the valve produced 
by varying L.T. supply vary the effective 
capacity in the circuit, and so the frequency 
is affected. Similarly, variations in H.T. 
vary the effective capacity. This error 
and those produced by (2), (3) and (4) are 
equivalent to the addition or subtraction 
of a small tixed capacity in the circuit. 

The effect of this on a wavemeter calibration 
curve as shown in Fig. IO (a) would be to 
cause a symmetrical movement of the curve 
to position (b) or (0). 

What is now required is a fixed point on 
the wave-length scale not subject to any of 
these errors, so that any deviations from the 
original calibration curve may be detected. 
This is afforded by the quartz crystal. 


WAVELENGTH 


CONDENSER READING 
Fig. Io. 


If a quartz crystal of known wave-length 
is included in the circuit, a resonance click 
will ke obtained at the appropriate setting. 
of the condenser, giving the wave-length, 
say at A. If now a reading is taken on the 
condenser of an unknown wave-length, 
before looking this up on the graph it should 
be seen whether the resonance click of the: 
crystal corresponds with reading A. If it 
is found that, due to any of the first four 
errors, the resonance click occurs at B, then 
the difference in condenser reading repre- 
sented by AB should be added to the con- 
denser reading of the unknown wave-length 
to give the true condenser reading, from 
which the correct wave-length may be found. 

The resonance click will always corres- 
pond to the true natural period of the quartz 
crystal, independent of the variations in 
the external circuit. Variations due to errors- 
(1) to (4) will cause the response to occur 
at different condenser readings, but by 
inspection of Fig. ro it is evident that if a 
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certain wave-length is ten condenser divi- 
sions above the resonant point of the crystal 
in curve (a) it will still be ten degrees above 
in curve (b) or (c), even though errors due 
to (1), (2), (3) and (4) have been introduced. 


The author has found it better to calibrate 
the wavemeter in terms of wave-lengths per 
condenser scale divisions on either side of 
the crystal resonance point. If this is done, 
errors due to the dial slipping, etc., do not 
come into question, as any wave-length is a 
definite number of scale divisions above or 
below the resonance point, immaterial of 
the initial position of the dial. 


In the case of a particular wavemeter for 
the 44-46 metre band it was found that the 
heterodyne note of the wavemeter in the 
receiver or that of the transmitter in the 
wavemeter was so strong that a considerable 
error was introduced, due to the difficulty 
of getting an accurate zero beat position, 
and to the tendency of the oscillations to 
draw each other in step. In the end it was 
found better to calibrate the wavemeter 
from 88-92 metres and use the harmonic. 
In order to minimise the error due to the 
assumption that a small added capacity 
produces a symmetrical movement of the 
calibration curve, the minimum capacity 
in the circuit should be large. This was 
afforded by a .ooo IuUF fixed condenser 
which was connected across the inductance. 
The inductance was arranged so that the 
Minimum wave-length was 70 metres. The 
variable tuning condenser was connected 
In series with another fixed condenser so 
arranged that the variable condenser gave 
a variation from 70 to 92 metres, thus 
covering on harmonics the most used amateur 
band from 35-46, 18-23, and also 23-30. 


The errors in a wavemeter of this type 
are very small. There is the 100 cycle 
error stated on the N.P.L. certificate, if 
the crystal is calibrated by them. An error 
of 100 cycles may be allowed in the measure- 
ment of the resonance click. Then, if there 
are 100 condenser scale divisions which may 
be read in tenths by means of a vernier, 
the scale may be read to I part in 2 000 by 
judging half a vernier division. This will 
give an accuracy of about one-third of 1 
per cent. over any of these ranges. The 
accuracy may, of course, be increased by 
reducing the wave-length range. The main 
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error is introduced by the difficulty of reading 
the dial. 

In Fig. rr is shown the connection of a 
wavemeter such as described above. There 
are several ways in which the crystal may 
be incorporated in the circuit, in parallel 
with condenser C, C, or Ca. In parallel 
with C, the crystal is across the whole coil. 
This causes it to give too great a response 
at the fundamental frequency. In parallel 
with C,, the response is much weaker ; 
just sufficient to give a well-defined click. 
The most convenient method was found to 
be to incorporate the crystal in the con- 
struction of the fixed condenser C. This 
condenser must be constructed so that the 
variable condenser C, has the required 
range. It may be made from two parallel 


Fig. 11. 


copper plates, the size to be found by experi- 
ment, and the crystal may be fixed in between 
the plates. The response will vary in 
different wavemeters, due to the various 
capacities in this circuit, and also, to some 
extent, with the quality of the crystal. 
This is a matter for experiment. It is 
quite simple to change the position of the 
crystal to find the best position. 

With regard to the mounting of crystals 
for resonator work. The crystal may be 
placed between two plates which actually 
touch both surfaces of the crystal; or a clear- 
ance of a few thousandths of an inch may 
be allowed. On the longer wave-lengths 
the latter method appears to give a greater 
response. On the short waves the former 
has been found by the writer to be better. 
It has the advantage that the crystal may 
be easily held in place by the weight of the 
plate or by means of a light spring. lIt is 
true that the frequency of the crystal 
resonance is changed slightly if it is mechani- 
cally constrained, but this error is quite 
negligible in comparison with -the other 
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errors present in the wavemeter. The 
mounting should be solidly built. When con- 
necting the mounted crystal in the circuit 
it must be remembered that the parallel 
plates of the crystal holder act as a small 
condenser with the quartz crystal as di- 
electric, therefore removing the mounted 
crystal or the crystal from the holder will 
vary the capacity in the circuit. 


Calibration of the Wavemeter. 


There are two ways in which the wave- 
meter may be calibrated. 

With the crystal in the circuit the wave- 
meter may be calibrated against a standard 
wavemeter. The resonant wave-length of 


Fig. 12. 


The crystal-controlled valve and first amplifier. 
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calibrate the wavemeter roughly in order to 
obtain the form of the curve. It is usually 
symmetrical, but if the condenser is placed 
so that the moving plates come into the field 
of the inductance during some portion of 
their journey from maximum to minimum 
capacity, an irregular curve will result. 

It would be possible to use the calibrated 
crystal as an oscillator and then to'use the 
various harmonics as calibration points, but 
as several points are required in a range of 
ten or so metres the production and especially 
the fixing of the harmonics would entail 
considerable work and difficulty. 

The error due to variations in condenser 
capacity, such as produced by warping of 


The grid lead to the 


next amplificr ts scen on the right. 


the crystal may then be immediately deter- 
mined from this calibration before there 
has been time for errors to be introduced, 
due to deterioration of the H.T., etc. A 
curve may now be made in terms of wave- 
length per condenser degrees on either side 
of the resonant point, as mentioned before, 
and this will be independent of the first 
four errors mentioned. 

In the second method it is assumed that 
the resonant frequency of the crystal is known. 

This gives one fixed point on the wave- 
length scale, but this is really no use unless 
the form of the calibration curve is known. 
If the curve is a straight line (t.e., wave- 
length proportional to condenser reading), 
then the one fixed point allows the whole 
scale to be fixed. In almost every case this 
is not true. It then becomes necessary to 


plates, loose bearings, etc., has not yet been 
considered. It is very difficult to get a 
suitable condenser for a wavemeter. After 
examining many types, the Igranic low loss 
was found to have the most sturdy con- 
struction. There is practically no chance 
of a loose bearing and the plates are unusually 
thick. The extremities of the movable 
plates are rather flexible, due to their large 
distance from any support. The principal 
error would be introduced by the movement 
of these ends. This was eliminated by 
soldering a strip of brass across the plates 
at the point most remote from the centre. 
This can be done without affecting the action 
of the condenser. The errors now introduced 
with age and use will be small. It seems 
impossible to correct them, as they produce no 
symmetrical variation on the calibration curve. 


(To be concluded.) 
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Frequency Variations in Thermionic 


Generators. 
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Paper read by Lt.-Col. K. E. EDGEWORTH, D.S.O., M.C., before the Wireless 
Section, LE.E., on 6th January, 1926. 


Abstract. 

HE paper is divided into six parts. 
(Ni Part I. is considered the mechanical 

analogy of maintaining a pendulum in 
oscillation, with especial reference to the 
timing of the maintaining impulses, and 
the effect of the timing on the rate of the 
clock. 

Part II. considers frequency variations 
(in a triode oscillator) due to changes in the 
anode resistance occurring as the result of 
changes of operating conditions. The author 


first considers the normal coupling resulting 
from electrode capacity, and then defines 
normal inductive coupling as that in which 
the coupling assists that due to the valve. 
The name Orthodyne is suggested to describe 
such a system. An opposite sense of induc- 
tive coupling is defined as reversed coupling 
and the name Awntidyne is suggested. It is 


pointed out that oscillations may be gener- 
ated by either normal or reversed coupling, 
the latter requiring a stronger coupling 
coefficient. 

Resistance coupling between the grid and 
anode circuits is described as Rheodyne. 


The paper next considers inductive coupling 
with two tuned circuits (as in Fig. 2*) and 
its reduction to an equivalent network. 


P BLOCKING 
CONDENSER 


Fig. 5. 


An expression is derived for the frequency. 
The capacity coupled system of Fig. 4 is then 
considered, with an equation for frequency. 
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Fig. 6. 


FREQUENCY 
FREQUENCY 


ANODE VOLTAGE 
Fig. 7. 


The resistance coupled circuit of Fig. 5 
is then discussed, and it is pointed out that 
when L,C,=L,C, the frequency is deter- 
mined by the values of L and C, and is 
independent of the magnitude of the various 
resistances. 

The effect of changes in the anode impe- 
dance (due to changes in L.T. or H.T. 
voltage) is then dealt with. From the 
expression for frequency, it is shown that 
an increase of anode resistance involves an 
increase in frequency, and Figs. 6 and 7 are 
given as showing the type of variation to be 
expected. 


* The author's original figure numbers are used 
throughout this abstract. 
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The words “normal” and “ reversed ” 
apply to inductive and capacitative coup- 
lings. Variations of this kind are described 


FREQUENCY 
FREQUENCY 


ANODE VOLTAGE FILAMENT VOLTAGE 
Fig. 8. 


as “variations of the first type.” The 
effect of changes in grid potential is dis- 
cussed and it is concluded that under normal 
working conditions, the damping due to 
grid current is usually smaller than that due 
to other causes, and can be kept down to a 
very low figure, e.g., by keeping down grid 
current. 

Part III. considers irreversible Variations, 
such as do not depend on the nature of the 
coupling, but on the fact that the E.M.F. 


FREQUENCY 
FREQUENCY 


ANODE VOLTAGE FILAMENT VOLTAGE 


Fig. 9. 


generated by the valve itself is not a true 
sine curve, approaching more or less closely 
to a succession of positive half cycles with 
the negative half cycles omitted. 

An oscillator with tuned grid and untuned 
anode is shown to undergo further variation 
due to this cause, of the form shown in Fig. 8, 
these being called variations of the second 
type. 

In the case of tuned anode and untuned 
grid, the form is as shown in Fig. 9, these 
being described as variations of the third 
type. This type is always present with 
tuned anode circuits, whether the grid 
circuit is tuned or not. 

A demonstration of many of the points 
n the author’s remarks were given here, 
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The effect of coupling variations, and the 
possibility of producing oscillations with 
reversed coupling, were illustrated. Changes 
of L.T. and H.T. voltage were shown to 
produce variations, and it was shown that 
these were less pronounced with small grid 
damping. Resistance coupling was sub- | 
stituted for inductive, and it was demon- 
strated that this method gave much less 
variation of frequency on varying the 
voltages. 


BLOCKING 
CONDENSER 


Fig. Io. 


Part IV. then proceeds to discuss the 
design of a Rheodyne oscillator to cover a 
wide, band of frequencies. Arrangements 
of resistance coupling (additional to that 
of Fig. 5) are shown in Figs. 10, II and 12. 
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R 
Fig. 11. 


It is essential that the capacities of the two 
oscillatory circuits should be connected to one 
end of the resistance and the two inductances 
to the other. It is also necessary that 
coupling due to strav capacity should be 
neutralised. This may be done (I) bv 
reversed inductive coupling as in Figs. 
and 11; (2) by providing an inductive path 
between grid and anode as in Fig. 10; (3) 
By a neutrodyne method as in Fig. 12. 
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It is stated that the energy absorbed by 
the coupling resistance is approximately 
equal to that absorbed by the grid of the 
valve, and that the circuit generates oscil- 
lations of full amplitude and is applicable 
. to transmitters, master oscillators and wave- 
meters. 
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Fig. 12. 


For efficiency it is necessary that (I) 
the grid potential should be approximately 
independent of frequency, and that (2) 
stray capacity should be correctly neutralised. 
Remarks follow on these points, the chief 
conclusions being (1) for a generator without 
anode tap, the same tuning method must 
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Fig. 13. 


be adopted for each circuit, while for gener- 
ators with anode tap it is immaterial whether 
the grid circuit 1s tuned by condenser or 
variometer; (2) For generator tuned by 
variable condenser, it is desirable to work 
with small coils and large condensers, while 
the ratio of mutual inductance to anode coil 
inductance must be kept constant. 

In Part V. is discussed the design of an 
Antidyne oscillator to cover a wide band of 
frequencies. This should make use of a 
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combination of reversed capacity coupling 
and reversed inductive coupling. The re- 
versed capacity coupling is most effective 
at the higher and the reversed inductive 
coupling at the lower frequencies. Figs. 13 
and 14 are suggested as suitable for un- 
tuned anode and untuned grid respectively. 
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Fig. 14. 


In Part VI. the author deals with experi- 
mental results and practical applications. 
With an oscillator of about 5 x10® cycles, 
results are shown of the variations (cycles 
per second) against (1) anode voltage and 
against (2) filament voltage for various types 
of coupling, t.e., normal, reversed, half 
normal, half resistance, resistance coupling, 
etc. The effects of grid damping are then 
shown in a further series of curves, where 
frequency variation is plotted as before for 
various values of grid leak and different 
types of oscillator, 1.e., Orthodyne, Antidyne, 
etc., with different arrangements of tuned 
and untuned circuits. | 

Lastly are considered practical appli- 
cations of the results, these applications 
being chiefly wavemeters and transmitters, 
including master oscillators. Three solu- 
tions of the problem of a constant frequency 
generator are offered from the results; (1) 
Rheodyne; (2) Orthodyne, with grid bias and 
grid circuit untuned; (3) Antidyne, with grid 
bias. The relative merits of these are 
briefly discussed. Future possibilities are 
also briefly mentioned, including the possi- 
bility of a generator constant within the 
part in 50 000 for wave-lengths of the order 
of 30 metres. 
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An appendix deals with several of the 
mathematical expressions used in the text. 


DISCUSSION. 


The paper evoked considerable discussion which 
was opened by Major A. G. Lee. Major Lee referred 
to the tuning fork control as a satisfactory solution 
of frequency stabilisation, but thanked the author 
for having tackled the subject from a really funda- 
mental basis. He considered that a physical inter- 
pretation of the circuits was helpful and illustrated 
his remarks more particularly with the Colpitt's 
circuit. He also suggested that the Dynatron 
circuit might be useful as a constant frequency 
system, 


Mr. G. Shearing discussed some of the experi- 
mental results and the use of the Rheodyne as a 
master oscillator. He illustrated a resistance 
coupling method for applying a master oscillator 
to a power system, and referred to M. Fromy’s 
circuit for constant frequency (see abstract in 
E.W. & W.E., December, 1925). Finally he 
took exception to some of the author's nomen- 
clature. 


Dr. R. L. Smith-Rose spoke on the subject of 
frequency variations in relation to interference, 
quoting observations made at the N.P.L. He also 
took exception to some of the nomenclature. 


Universal Testing Volt-Ammeter. 
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Mr. Warren criticised the author’s mathematical 
treatment of inductive coupling, suggesting an 
alternative solution, which he illustrated with 
equations. 


Mr. G. W. N. Cobbold referred to previous work 
on the subject by Eccles and Vincent, and suggested 
that apparent discrepancies between these and the- 
results of the author were possibly due to differences 
of voltages according to the couplings used. He 
also discussed the change of frequency due to a 
change of valve. 


Lt.-Col. H. P. T. Lefroy spoke of the importance 
of the subject, more especially from the point of 
view of small portable sets for Service purposes. 


Prof. C. L. Fortescue dealt with the effect of the 
resistance in a resistance coupled system. He 
also discussed the mathematical expressions both 
of the author and of Mr. Warren. 


Mr. Phillips spoke briefly on the practical diff- 
culties involved in the apparatus for the 1 in 
50 000 accuracy suggested by the author. 


Col. Edgeworth briefly replied to the discussion, 
and a cordial vote of thanks to the author was 
accorded on the motion of the Chairman (Major 
Binyon). 


[R260°251 


HE home experimenter invariably feels 
the need for a testing instrument fitted 
with suitable interchangeable shunts 
and series resistances and calibrated so that 
the currents and potentials customarily met 
with can be determined with reasonable 
accuracy. A measuring instrument of the 
moving coil type can, of course, be easily 
fitted with shunt and series resistances to 
read over a wide range, but if accuracy is 
to be maintained, the resistances must be 
robustly built and a reliable form of con- 
struction adopted for attaching them to the 
terminals of the moving coil instrument. 

Messrs. Fonteyn, Gilbert & Co., Ltd., 6, 
Blandford Mews, Baker Street, London, W.1, 
are marketing a universal continuous current 
meter provided with numerous terminals and 
shunts so that the scale, which carries three 
divisions, and is subdivided into tenths 
has maximum scale readings of 6 and 120 
volts, 3, 30 and 120uA and with external 
shunts 1, 6 and 30 amperes. 

Compared with a laboratory instrument, 
the scale reading can be taken as reliable 
within + 5 per cent., which is a satis- 
factory degree of accuracy for general testing. 
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Rectifiers for High-Tension Supply. 


By R. Mines, B.Sc. 
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Part VI: Vacuum Arc Rectifiers 
(continued). 


XI—The Use of an Independently-heated 
Cathode. 

T was hinted in Part IV. that independent 

means may be used for keeping the cathode 

in an arc hot enough for thermionic emission. 
Such a procedure adopted in the mercury 
arc rectifier, for example, would eliminate the 
difficulty of extinction of the arc and hence 
overcome its greatest disadvantages. 

For working in a vacuum the only practi- 
cable way of producing heat at the cathode 
is by passing an independent electric current 
through it. The convenience with which 
this may be done is dependent upon the 
electrical resistivity of the cathode material 
as well as its thermal properties—in most 
cases it is necessary for the cathode to 
be shaped into filament form, the rise in 
temperature produced being uniformly dis- 
tributed over the cross-section. 

There are obvious difficulties in arranging 
a cathode of liquid mercury to fulfil these 
conditions. But apart from these the tem- 
perature limit renders the use of mercury 
impossible—for, under the conditions of the 
vacuum arc, mercury boils at about 70°C. 
(the working temperature of the mercury 
vapour arc), whereas a “ yellow heat” at 
least is required for effective thermionic 
emission. However practicable then the 
attainment of such a temperature. may be 
under the extremely localised '“ hot-spot ” 
condition of the mercury arc, it is not possible 
to realise it with a filament of which the 
whole cross-section is heated. 


XII.—Application to the Vacuum Arc. 


If a heated filament is to be used as 
cathode in a “ vacuum arc ” it is necessary 
then that it shall be made of a more refrac- 
tory material—this carries with it the dis- 
advantage that there will be no “ vapour 
of the electrode material” available to 
carry the discharge with a low ionisation 
potential, because of the temperature limit 
imposed on the discharge by the containing 
vessel. 


In fact, the discharge ceases to be an arc, 
according to the definitions that we have 
given : it can be carried only by the residual 
gas in the tube. 

This modification, therefore, would appear 
at first sight to be a retrograde step in 
developing the utilisation of gas discharge 
phenomena for rectification. Actually there 
are some further apparently backward steps 
awaiting our consideration before we shall 
be in a position to discuss the latest improved 
apparatus. 


XIII.—The “ Metastable State.” 


It has been stated that normally the 
velocity (or rather the energy) of a bom- 
barding electron must not be less than that 
corresponding to the tonisation potential of 
the atom it strikes. However, if it is less, 
but still does not fall short of the resonance 
potential, an internal change may take place 
in the atom, accompanied by absorption 
of the amount of energy corresponding to 
this potential. Further, an atom which 
has suffered such a change (it is said to be 
“excited ”) tends to revert to its original 
state, the extra energy being rejected in 
the form of electro-magnetic radiation. 

Recent experiment? reveals the fact that 
an atom may remain in the excited state 
for a definite average time—hence the term 
“metastable.” ln the case of mercury, for 
example, the average life in this state was 
found to be ṣẹ of a second.$ 


1 Incidentally it is quite feasible for experi- 
mental purposes at least to distil some mercury 
into the tube so that the “ residual gas ” is mercury 
vapour. Actually the later developments to be 
described prohibit the use of mercury vapour in 
this manner. 

2 See E.W. & W.E., Vol. 2, p. 844, Oct., 1925. 

3 By M. Marshall; sce Science Abstracts “ A,” 
No. 641, March 1925. 

€ This corresponds to the first resonance potential 
at just under 5 volts; mercury also has a second 
resonance potential (about 6 volts) occurring 
before the ionisation potential of 10.4 volts is 
reached: the life of this second metastable state 
was found to be 1/170 of a second. 
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XIV.—“ Cumulative ”” Ionisation. 

The useful result of this state of affairs 
is that 1f an atom in a metastable state is 
bombarded by a second electron before it 
has had time to revert to its normal state, 
the energy this electron need possess to 
complete ionisation of the atom, is only 
that corresponding to the difference of the 
ionisation and resonance potentials. The 
ionisation of the atom is therefore accom- 
plished virtually in two stages, by two 
electrons neither of which possesses energy 
as much as corresponds to the ionisation 
potential. In the case of mercury, having 
two metastable states at energy levels 
lower than that of the ionised atom, ionisa- 
tion may be accomplished in three stages. 

It is at this point that we see a real advan- 
tage in an independently-heated cathode— 
with it the supply of electrons is under 
control, and with a good size filament 
intensely heated the stage may be reached 
where this “ cumulative” ionisation can 
take place: for obviously it requires the 
bombarding electrons to be very much more 
numerous than suffices for an ordinary type 
of arc discharge. When this occurs, the 
discharge can be maintained with a very 
much smaller P.D. than was previously 
necessary. 


XV.—The Correct Gas Pressure. 


As we have said, the type of discharge 
under consideration is unlike the atmospheric 
arc, for example, in that it is not necessarily 
electrode vapour that takes part in the dis- 
charge by becoming ionised. Further, so 
far the use of an independently-heated 
cathode has been postulated as an essential 
condition; under this circumstance, the 
discharge may well be called an “ assisted 
arc” (in contradistinction to a self-main- 
taining arc). 

Nevertheless the mechanism of the dis- 
charge is similar. The positive ions bom- 
bard the cathode (now the filament) as 
before; and though the electron emission 
may be unaffected by it, such bombardment 
usually causes disintegration, and with an 
electrode of filament shape this is particu- 
larly disastrous. 

One way of reducing the amount of 
bombardment is to reduce the gas pressure 
and hence the positive ion density. This 
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method. however, is inadvisable partly 
because it involves a corresponding reduction 
in the current carried by the discharge. 

Increasing the gas pressure conversely 
increases the ion density and so tends to 
augment the intensity of bombardment 
to which the cathode is subjected. On 
the other hand, the increased density of the 
gas reduces the mobility of the ions (by 
reducing their mean free path) and hence 
their destructiveness. W 

This reduction, however, is not a linear 
relation, and it has been shown as a result 
of painstaking investigations that by a 
proper adjustment of the gas pressure 
disintegration can be almost eliminated— 
it appears that the product of the average 
destructiveness of each ion and their total 
number, representing the total destructive 
effect on the cathode, passes through a 
minimum value as the gas pressure is varied. 
This optimum point occurs at rather less 
than =4 of an atmosphere (in the case of 
argon). 


XVI.—Choice of Working Gas. 


A reason is now apparent why mercury 

vapour is unsuitable if the conditions 
described above are to be established. The 
pressure stated is about one thousand 
times that at which the mercury vapour 
arc operates; and at this higher pressure 
the boiling point of mercury, and hence the 
minimum operating temperature in the arc, 
is about 240°C. 
’ Unfortunately most gases exert a dele- 
terious effect on the electron emission from 
a hot cathode, some (for example, oxygen, 
either alone or in combination) almost 
inhibit it. Of the gases that have been 
tried in developing gas conduction rectifiers, 
Argon has proved the most successful, 
largely because it does not lower the emission 
from a tungsten filament. (Probably other 
gases from the “ inert group would answer ; 
but argon is the most suitable). 


XVII.—Purity Essential. 


The effect of certain gases on thermionic 
emission is sufficient reason that every effort 
should be made in constructing an apparatus 
to operate on this principle that the working 
gas should be kept in as pure a state as 
possible—if necessary means of purification 
must be provided that shall remain in the 
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apparatus after manufacture and account 
for any impurities that may appear during 
its operation. 

In addition to the above effect there is 
the effect on the discharge itself to be 
guarded against. Unless the gas is pure it 
is not possible fully to realise the condition 


(a) (b) 
Oscillograms of " Tungar,” rectifier on A.C. 


Fig. 1. 
supply (a) without purifier, (b) containing an active 


purifying agent. The full line curve represents the 
P.D. across the arc and the dotted line thé current. 


of low arc drop that ensues from the cumu- 
lative ionisation of atoms in the metastable 
state. But more important than this is 
that, with the filament hot, on application 
of the P.D. between anode and cathode 
a much higher value is necessary to start 
the “assisted arc” discharge than is 
required even to maintain it. This intro- 
duces an undesirable factor of erratic be- 
haviour apart from increasing the power 
losses in the device. (See Fig. 1.) 


XVII.—The “ Tungar ” Rectifier. 

This rectifier is an apparatus in which the 
conditions whose development has been out- 
` lined above are realised as fully as is possible 
in a commercial production. Fig. 2 illus- 
trates the construction. The filament is of 
plain tungsten (t.e.,, the “ bright emitter ” 
type) and is made very thick, partly to with- 
stand the residual ionic bombardment, but 


Fig. 2. 
Arrangement of electrodes in the “Tungar” rectifier. 


primarily to provide a sufficient. thermionic 
emission. Connection is made to it through 
a standard screw lamp cap. The anode is 
a disc of graphite mounted in proximity 
to the filament. 
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After assembly, the containing glass bulb 
is exhausted as completely as possible, the 
process being assisted by “ baling out” the 
bulb and both the electrodes, just as for a 
high-vacuum device. When this is com- 
plete, argon is introduced into the bulb at 
exactly the correct pressure. 

In addition to this careful exhaustion and 
filling the early models at least were pro- 
vided with an active purifying agent, which 
was either attached to a filament lead or 
incorporated in the anode material. Thus 
when impurities became excessive, the arc 
drop increased, the electrodes both rose to a 
temperature higher than normal—this caused 
some of the purifying agent to be evaporated 
and so to do its work by combining with the 
unwanted gases. Magnesium is a good 
purifier, owing largely to its affinity for 
oxygen ; it is the condensation of some such 
material as this that causes the mirror-like 
deposit on the inner surface of, the glass of 
many of these rectifiers. (The same appear- 
ance is commonly found in “ dull-emitter 
valves,” and is due to a similar cause.) 


XIX.—The Rectification Action. 


The manner in which rectification is 
effected by the “ Tungar” bulb is very 
similar to that of the arc, either atmospheric 
There is one 
electrode maintained hot enough to supply 
negative ions that ionise the residual gas, 
while the other remains cool enough to be 
unable to supply them ; and in the interval 
between successive conducting periods, that 
is while the applied alternating potential is 
reversed in direction, the gas de-ionises by 
recombination of the ions and so ceases to 
conduct. 

In this connection it is appropriate to 
mention some decided advantages that the 
Tungar rectifier has over other forms, for 
example, the mercury vapour rectifier. Pure 
argon gas it is found shows an extremely 
rapid recombination of its ions on with- 
drawal of the stream of bombarding elec- 
trons, no matter how heavy the preceding 
discharge may have been. This factor 
makes for certainty in operation and reduces 
the risk of “ flash-over.” 

Further, due to the small drop of potential 
in the arc, the heating of the electrodes by 
either positive or negative ions is relatively 
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small. Thus, for a given construction and 
material for the anode, for example, the 
safe limit of current at which it will remain 
sufficiently cool is considerably higher. 


XX. Manner of Use. 


This rectiĥer is always connected to the 
A.C. supply through a transformer, for two 
main reasons: First, the reactance of the 
windings (which, if necessary, may be 
increased above that ordinarily used in a 
transformer) acts as the stabiliser that is 
always necessary with a device not having a 
“ rising characteristic ” (see Fig. 3). Secondly, 
owing to the fact that the arc current is 
distributed over the length of the filament, 
it is necessary that it should be heated with 
A.C., to avoid unequal heating of the two 
ends and consequent shortening of its life. 

When a rectifier is run near its full current 
rating it is found practicable to cut off the 
filament heating current, since the residual 
jonic bombardment is sufficient to maintain 
the temperature of the cathode. Under 
these circumstances the discharge is self- 
maintaining and is nearer to being a true 
arc. The “arc” usually concentrates on 
one part of the filament, making a “ hot- 
spot” which moves towards the filament 
lead connected to the output .circuit as the 
current is increased. 

This localisation of the discharge becomes 
more pronounced at smaller current values, 
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and this tends to shorten the life of the 
filament unduly. Further, the arc drop 
under the self-maintaining condition is much 
increased, and the larger power loss that 


P D. ACROSS ELECTRODES-VOLTS 


CURRENT 


Fig. 3. Characteristic curves ofa“ Tungar” rectifier 
showing relation between the anode current in amperes 
and the P.D. across the electrodes (A) without filament 
current and (B) with filament heated independently. 


results more than offsets the saving of 
filament heating power. Hence it is usually 
more economical to keep the filament 
excited continuously. 


Amateur DX in South America. 


By Ch9TC (Los Andes, Chile). 


HINGS move so fast nowadays that 
my note in E.W. & W.E. of November 
(p. 930) already needs supplementing. 
Argentine. The station BAr (Buenos 
Aires) has recently come very much to the 
fore, having worked England, Tahiti, New 
Zealand, Japan, and, of course, U.S.A., etc., 
with 20 watts nominal. 
Uruguay.—New Zealand with Io watts and 
5 watts nominal, Chile with 2 watts actual; this 
country seems to specialise in low-power work. 
Chile—I am glad to say this country is 
well to the fore. ChIEG (now temporarily 
closed) claims the world record for work 
with China on the 4o-metre band, since 
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signals must have gone “the other way 
round.” 2LD has now been QSO all five 
continents, PIIHR representing Asia; two 
“ five-watt ” tubes (60 watts actual to plates). 
Some interesting work has been done with 
U.S.A. on receiving tubes U.V. 201a, about 
2 watts actual, by 2RM and 2RE. 

Ecuador. — There is, at any rate, one 
receiving station on short waves, at Santa 
Elena (ORA “ c/o All America Cable Co.”) 
since tests with the writer were made. 

All above are “ 40-metre band,” except 
gIC, which is on 48 metres (but works little 
except Tuesdavs and Fridays, 21.15 to 21.45 
G.M.T., to RMAr, using call CLAA.) 
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Long-Distance Work. 


By Hugh N. Ryan (SBV). 


to give, or at any rate to attempt to 
give, in this month's article,a summary 
of the observations made by those experi- 
menters who are keeping records of signal 
strengths and weather conditions, over long 
periods, with a view to establishing some 
sort of a relation between them. | 
I have found, from the correspondence 
which I have received on the subject, a 
much greater degree of interest in these 
investigations to exist than I had thought. 
Quite a number of amateurs are keeping 
more or less systematic observations, and 
though I fear that the observations made 
bv some are too random to be of anv great 
value, a certain number have obtained a 
great deal of data, and three men in particular 
(including Mr. Lewer, whose work is already 
known to readers) have tackled the job in 
a verv complete and systematic manner. 


Results. 


The results obtained by various observers 
«conflict greatly on some points, but agree 
remarkably well in other (in fact in most) 
respects. This month I will just give the main 
points in the observations which have been 
brought to my notice, but before doing so I 
should like to make a few remarks of my own, 
which are suggested by the lines upon which 
eXperimenters are working. 


I have heard many people say that DX 
conditions cannot possibly be affected by the 
weather, since, to quote one of them, ‘ the 
ether is not dependent on the air.” Other 
people, on the other hand, will point out 
that it is a matter of common experience 
among DX workers that an appreciable 
alteration in general signal strength is 
usually accompanied by a change, of some 
sort, in the weather. The point often over- 
looked, I think, by partisans of both sides, 
is that to assume a connection between two 
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things is not necessarily to assume that one 
is directly dependent on the other; they may 
both be dependent on a third variable 
influence. If, therefore, observation tells 
us that changes in long-distance signal 
strength do coincide with changes in certain 
aspects of weather conditions (Which I think 
is so) and other considerations tell us that 
the one cannot be influenced by the other 
(of which I am less sure), then, having 
established the connection bevond dispute, 
we shall have to assume that they are both 
under the control of some third influence 
(perhaps in this case an astronomical one). 


Another, and similar, point arises from 
this. Many observers find that good and 
bad conditions recur in regular cycles. 
Some find that small cycles (of perhaps a 
few davs) are superimposed on larger cycles 
(of perhaps a few weeks). Now it happens 
that some observers find that the most pro- 
nounced cycle has a length of about four 
weeks. The cycle of the moon's phases is 
of a similar length. Several have not 
expressed their results by saving that con- 
ditions recur in a four-weck cycle, but have 
just said that conditions are controlled by 
the moon. I am not denying the possibility 
of this theory turning out to be correct, 
but I am pointing out that there is verv 
little justification for it at the present stage, 
and that its adoption by an observer is not 
compatible with the open mind which he 
requires. The only possible test of it is 
to continue observations for a long time, 
and observe whether the “signal” and 
“lunar ” cycles remain always in the same 
phase relation to each other, or whether 
they gradually drop out of step, as some of 
the curves I have seen rather seem to be 
doing. I have seen none which extend over 
more than three or four lunar months. If 
the curves do stay in step, then the pro- 
tagonists of the theory will have a strong case. 
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Weather Conditions. 


Most observers appear to be recording 
only the weather conditions at their own 
stations. While one appreciates the diffi- 
culty of obtaining data, over long periods, 
of conditions at the “other end” and in 
the intervening space, it does not appear 
likely that completely satisfactory results 
will be obtained until the observed a£ well 
as the observing stations keep weather 
records, and records of the intervening con- 
ditions are obtained. The last-mentioned 
records are actually being obtained and used 
by at least two observers, and I believe a 
third is arranging for observations at one 
distant station, but many are neglecting 
these points, even to the extent of plotting 
strength of Australian signals against 
barometric pressure in, say, London. The 
surprising thing is that their curves are 
extraordinarily good ! 

Mr. Lewer is continuing the observations 
which he recorded in this paper two months 
ago, and as his further work will probably 
form the subject of another article from his 
own very able pen in the near future, I will 
not detail it here. I may say, however, 
that his recent work is checking up very well 
indeed with his previous theory; so much 
so that he is apparently assuming the mantle 
of a DX-prophet, and telling the “ gang ” 
when it is worth attempting DX work. 
The oracle (to mix the metaphor a little) 
has spoken with some success up to the 
present. 

Ihe other two experimenters whom I 
mentioned as having obtaimed some very 
cgmplete data indeed are Mr. Erith, of 
Sutton, and Mr. Charman (6CJ) of Bedford. 
Each of these gentlemen has suthcient 
results to make a complete and very interes- 
ting article, and I have suggested this to 
them. I will not, therefore, give their 
data here (in any case I have not the space), 
but will give an outline of the chief results 
derived from it. Readers will be able to 
note on what points they check up, and 
where they disagree. 
are not in touch with each other, so the 
results are entirely independent, and the 
observations of each have extended over a 
period of several months, so that the element 
of conincidence is largely eliminated. 

Mr. Erith’s results, boiled down, yield 
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mainly the fact that conditions go in cycles 
of six days (these cycles being, of course, 
superimposed on the more familiar yearly 
cycle, if not on others). He has given me 
a graph showing the “goodness” of DX 
reception (drawn to scale), barometric height, 
and temperature. He has drawn an ordinate 
every six days, and certainly this ordinate 
coincides in nearly all cases with a peak in 
the reception curve, there being no inter- 
mediate peaks of any size. In the few 
cases where the reception peak does not 
appear, either the temperature curve is very 
much above or below the average, or the 
barometric curve shows pressure to be very 
unstable, and these phenomena also do not 
appear anywhere in the normal part of the 
reception curve. Altogether, there is suf- 
cient evidence to show clearly that some 
sort of connection exists, though any theory 
formed from these results alone will have to 
be modified before it will entirely fit all 
existing facts. The “ excess temperature ” 
idea was suggested by. Mr. Lewer, but I 
think that while Mr. Erith's curves tend to 
confirm it so far, Mr. Erith himself distrusts. 
it, and is well on the way towards getting a 
thcory into which temperature, as such, 
does not enter, since it is itself bound up 
with pressure variations. 


Graphical Records. 


Mr. Charman's observations are mainly 
incorporated in a set of graphs which he has 
given me. These are very complete indeed, 
and I hope he will publish them and 
their future extensions. They cover a 
period of four months, but I think they 
will have to be carried on a good deal longer 
before any definite theory can be formed 
from them. The results for the four months, 
however, are extremely interesting. They 
comprise the usual barometric curve, several 
curves for the strength of a number of 
individual Australian and New Zealand 
stations in regular operation, a curve repre- 
senting the strength of North American 
signals in general, and a very neatly made 
““cemposite curve” of two New Zealand 
stations whose signals have always been 
found to be of similar strengths, but who 
are not both always in operation. His own 
main conclusion from these observations is 
that a low, steady barometer is favourable 
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for DN. He will forgive me if I suggest 
that he is prejudiced in favour of a low 
barometer as a ‘‘ DX-bringer,’ perhaps 
from previous observations, and tends to 
read this result into his curves; the curves 
do not seem, to me at any rate, to justify 
this, though they do suggest it in places. 
His other point, however, that of the baro- 
meter being steady, seems to me to be the 
one definite fact which emerges both from 
his curves and from all others. While they 
disagree on some polnts, every one of them 
shows that when the barometer is jumping 
up and down, then signal strength becomes 
verv erratic or falls off altogether. This 
alone is sufĥcient justification for continuing 
observations on these lines, and perhaps 
curves covering longer periods will yield 
more consistent results on other points. 
2BOW (Cheshire) sends me a graph, 
extending over some four months, having 
one curve showing strengths of North 
American signals, and another of signals 
from South of the Equator (South Americans, 
A's and Z's). These are plotted to a time 
base, on which the phases of the moon are 
noted, the deduction suggested being 
evidently that the two are related. I have 
already mentioned the “moon” theory 
near the beginning of this article, so I will 
onlv mention here what is to be seen from 
this graph. North American signals do 
undoubtedly recur in it almost exactly in 
step with the moon's phases, best reception 
occurring at full moon and worst at new 
moon. Signals from South America and 
the Antipodes do not follow the moon's 
phases quite so well (as, I must admit, one 
would expect if the lunar influence theory 
is correct). There are quite definite peaks 
in the reception curve about each last 
quarter, but otherwise there is little relation. 


General Reports. 


I have no other reports of systematic 
work over long periods, but a few other 
well-known operators have made more than 
casual observations, and formed opinions 
in their own minds. I will quote a few of 
these, and would point out that though they 
are not to be looked upon as systematic 
research they all come from well-known 
experimenters, who do mot form opinions 
at random, and who spend so much time 
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in successful DX work that their obser- 
vations are likely to be reliable. 


SOV says he has noticed that a bright 
moon and a clear sky usually means a good 
DX night. This checks up with 2BOW’s 
lunar observations as far as U.S.A. signals 
are concerned. The “ clear sky ” part mav 
alternatively be expressed as “ absence of 
cloud,” and thus agrees with a number ot 
letters I have received, whose writers give 
as their chief observation that the appear- 
ance of heavy clouds will spoil conditions 
on a promising night. This is, of course, 
mainly a local eftect and is rather to be 
expected. SOV also finds that a high, 
stcady barometer is favourable. (Compare 
this with Mr. Charman's “ low, steady baro- 
meter,” and note that while they disagree 
absolutely on the question of low or high, 
which I mentioned as the weak point in 
Mr. Charman's interpretation of his own 
curves, they agree that steadiness of pres- 
sure is favourable, which seemed to me to 
be the chief observation to be made from 
the curves). 

It will be remembered that, according to 
Mr. Lewer, good or bad conditions aftect 
all wave-lengths simultaneously. This is 
very important if it is true, as it would 
mean abandoning the idea of trying to 
change wave-length from time to time, to 
“get round ” bad periods. It is, therefore, 
interesting to note what other observers 
find. Messrs. Studley, of Harrow, who are 
very consistent DX listeners, consider that 
wet weather favours go-metre work, drv 
cold weather favours 45-metre work, and 
weather has no effect on 20 metres. My 
own recent observations, such as thev are, 
tend to confirm this. | 

It will be noticed that I have neglected 
two important effects, atmospherics and 
“sunset and sunrise bands.” The first 
is omitted because I have as yet very little 
data on it. Such as I have seems to have 
no bearing on anv other effect, and the several 
sources of data conflict greatly with each 
other. I hope to deal with it in the future. 
The question of sunset and sunrise I have 
neglected because nothing new has arisen 
beyond what is already well known.  Brietly, 
as sunset or sunrise passes over the trans- 
mitting or receiving station a disturbance 
of signal strength takes place, usually taking 
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the form of a considerable increase preceded 
and followed by a reduction below normal. 
In cases where sunrise passes one station 
at the same time as sunset passes the other, 
very “freak” results are to be expected, 
and do occur. An example of this is the 
recent very fine reception of Japanese 1PP's 
speech and music all over Britain. 

I have received many other reports on 
these investigations, but they have either 
just confirmed points in those I have men- 
tioned, or else covered such short periods 
or been so random as not to be of very great 
value by themselves. I hope those con- 
cerned will therefore forgive me for not 
including them in an article which has 
already become too long. ' 


“DX” Reports. 


The weather “ effect” part of the article 
having taken up so much space this month, 
I fear the DX report will have to be very 
short. I will include, therefore, the more 
important stations only, again with apologies 
to those omitted. 

2SZ has now a crystal-controlled trans- 
mitter in operation on 45 metres. This is 
believed to be the first successful crystal- 
controlled set in Europe. and is giving very 
fine results. It has been used for work 
with all parts of the world, and all stations 
report it as giving an exceptionally good 
signal, with a perfect note. A Canadian 
“Five” says it is the first British signal 
ever heard in his part of the country. 

SOV has reached the end of his three- 
month schedule with C4GT, with the object 
of establishing touch with the Canadian 
fourth district. Unfortunately they had no 
luck whatever, the nearest they ever got 
to success being one morning when G2SZ 
heard C4GT calling 5ZV and took a message 
for him, though he could not raise the 
Canadian. This is interesting as 4GT is a 
good station who can work New Zealand 
any morning. ' 

6LJ has worked 800 (Indo-China) and 
been heard near Calcutta. 

2GO has been heard in India, with 12 
watts input. 
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6QB has at last got his little generator 
going, and is reported as OSA all over 
Europe, but still cannot reach America 
with his small power. No doubt he soon 
wil. 

6VP has now changed his note to pure 
D.C., and though rather weaker, his signals 
are reaching further. He gets about 1 000 
miles with 10 watts. 

2BOW reports reception of two American 
Canal Zone stations, and of Australian 3KB, 
who was onlv using 30 watts and had been 
in operation less than a week. 

2MA and his near neighbour 2OF are both 
doing excellent European work on low 
power, the former using a Hertz aerial. 


6CI, of Coventry, has been in reliable 
contact over 8o miles in daylight, using 45 
volts on a receiving valve. 

A new station, 5WV, has started up in 
Essex with 6 watts, and has already covered 
most of Europe. 


SOC (South Wales) is now on 45 metres, 
and worked an Australian the first night 
he used that wave-length. 


5NJ (Ulster) now only works at week- 
ends, but has worked South Africa and South 
America, and is still in frequent contact 
with Australia and New Zealand. 


Messrs. O’Dwver, of Dublin, send me a 
very good log or reception from most parts 
of the world, including Japan and Hawaii. 


An interesting report of low-power work 
comes from Australian 5BG, who has worked 
seven U.S.A. stations, with his inputs 
varying from 54 to 74 watts, on 35 metres. 

Spain is now OSO New Zealand, EARr 
and EAR21 having worked Z2AC. 


Three of the leading Belgians, P2, B7 
and S2, have been out of action with blown 
tubes or condensers. B4YZ and B4KS are 
in regular touch with America. While BS4 
was transmitting recently, the River Sambre 
suddenly rose in flood, and S4 was nearly 
drowned in his station. He says he thought 
of calling SOS, which would, I think, have 
been a unique event in amateur history ! 
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Patent Infringement and Experimental Use. 


By a Patent Agent. 


ETTERS Patent for invention confer 
upon the patentee, t.e., the owner whose 
name is for the time being entered on 
the Register of Patents, the sole and exclusive 
nght to make, use and sell under the patent. 
The patentee may share this monopoly with 
others in many ways. For example, he may 
grant licences to others to make, use or sell 
or to do all these things. Again he may 
merely manufacture and sell and a straight- 
forward sale without restrictions is an implied 
licence to use. The manufacture, sale and 
use of a patented article, or process without 
the patentee’s permission, however, consti- 
tutes infringement and is actionable at law. 
Manufacture of a single article for personal 
use undoubtedly constitutes infringement 
just as much as does manufacture in quan- 
tities for sale. It is a mistake therefore for 
manufacturers to imagine, as is too frequently 
the case, that if they buy a patented machine 
they are entitled to build and use replicas in 
their own factory. In a successful action 
for infringement the court grants the patentee 
an injunction to restrain the infringers from 
committing further infringement together, 
in the absence of peculiar circumstances, with 
damages. These damages are based not so 
much on the profit which the infringers have 
made but the damage which their action has 
done to the patentee. 

To the foregoing there is, however, one 
notable exception. Use by way of bona fide 
experiment is no infringement. To quote 
Frost: “It is no actionable invasion of a 
patentee’s rights for another person to use 
the invention, and thereby produce the 
finished product by way of bona fide experi- 
ment or amusement, without the intention of 
selling or making use of the thing so made 
for the purpose for which the patent was 
granted, but with the view merely of improv- 
ing upon the invention the subject of the 
patent, or with the view of seeing whether 
an improvement can be made.” The term 
“amusement” needs some qualification. 
One might build a wireless set for the enjoy- 
ment of building it, but assuming the set to 
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be in accordance with an existing patent 
then the use of the set when once built for 
receiving broadcast programmes would un- 
questionably constitute infringement. The 
reasoning is simple. In building the set no 
damage or injury was done to the patentee 
and the set, being built merely for the fun of 
building it, there was no intention of selling 
the set and therefore no intent to evade the 
patent. If the set is used however, probably 
for amusement, the patentee’s interests are 
injured. That is to say he has the sole right 
to supply sets in accordance with his patent 
and would presumably have made a profit 
on the sale. To build a set in accordance 
with a patent and satisfy oneself that it 
works does not constitute infringement, but 
it is the use after this satisfaction has been 
obtained that is an infringing action. If 
after the set has been made one experiments 
with it for the purpose of trying to improve 
upon it then again there is no infringement. 
The experiments may conceivably be quite 
exhaustive and extend over an appreciable 
period and the behaviour of different appar- 
atus may be tested in conjunction with the 
set provided that the experimental work has 
a direct bearing upon the set itself. To 
build a set in accordance with a patent, 
however, and then use the set for testing the 
qualities or properties of apparatus without 
relation to the set cannot be regarded as 
experimental use under this heading. As 
an example, the properties of loud-speakers 
might be tested with a set built in accordance 
with an existing patent. Assuming these 
tests could be carried out with practically 
any other type of set then obviously there is 
no experimental use in so far as the set is 
concerned and the use of the set for this 
purpose must be regarded as infringement. 
Experimental use is a term which in 
common with many others is inclined to have 
somewhat different meanings applied and a 
case, decided in 1885, is worthy of note. 
An English electrician purchased and im- 
ported certain articles made abroad in accord- 
ance with a British patent. ln an action 


Feb., 1926 
for infringement brought by the patentees 
the electrician defended his action on the 
grounds that the articles were bought for 
the purpose of experiment and examination 
by himself and his pupils. The articles were 
never sold or used for any other purpose, and 
it was submitted that the articles produced 
in this country under the patent were too 
costly to be used for taking to pieces. The 
Court, however, held that the use complained 
of was infringement, and an injunction was 
granted restraining the continuance of it. 

In another case, decided in 1889, a number 
of infringing machines were purchased on 
the understanding that if they were un- 
satisfactory or unsuccessful they were not to 
be paid for. These machines were installed 
by the purchasers in their factory and were 
used for a few months after which use was 
discontinued. In a subsequent action for 
infringement the Vice-Chancellor of the Court 
of the County Palatine of Lancaster held 
that such use was not experimental and 
granted an injunction. The case was taken 
to appeal when the injunction was dissolved, 
the ground being that even though infringe- 
ment were proved the defenders were not 
manufacturers but only users, and the use 
complained of had not only been discon- 
tinued an appreciable time, but further, there 
was no evidence of further use or intention 
to continue in the act complained of. 

Concerning the question of manufacture 
without sale, it is to be noted that this mav 
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constitute infringement. Two precedents 
are of interest. Firstly, if a retailer exposes 
for sale certain infringing articles but effects 
no sale, then there is no infringement. If 
the retailer was unaware at the time of 
purchasing the articles that they were 
infringing articles he would under no circum- 
liable provided no sale was 
effected, although innocence after sale is no 
excuse. To be a party to the manufacture, 
however, renders one liable, and in a case 
tried in 1860 infringement was held to have 
been committed when a defendant had 
manufactured articles and his traveller had 
offered them for sale, although none had 
been actually sold. A decision of the House 
of Lords in 1900 should, however, be con- 
sidered in connection with this latter case. 

Concluding, it must of course be recognised 
that each case is one of fact and must be 
treated on its merits, but in the words of 
Jessel M.R., “ patent rights were never 
granted to prevent persons of ingenuity 
exercising their talents in a fair way. But, 
if there be neither using nor vending of the 
invention for profit, the mere making for 
the purpose of experiment, and not for a 
fraudulent purpose, ought not to be con- 
sidered within the meaning of the prohibition, 
and, if it were, it is certainly not the subject 
for an injunction.” 

[NoTE.—The Editors do not hold them- 
selves responsible for the views expressed 
above.) 


The Past, Present and Future Developments of Wireless 


Telephony. 
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A Lecture by Capt. P. P. ECKERSLEY, at an Ordinary Meeting of the I.E.E., on 
7th January, 1926. 


lines, and was delivered in the brisk 

and fluent manner which broadcast 
listeners have come to associate with” the 
B.B.C.'s Chief Engincer. 

Capt. Eckersley first reviewed the — 
principles and methods of wireless communi- 
cation, and of the transmission and pro- 
pagation of waves, including the effects of 
the Heaviside layer. He then discussed 
methods of modulation, illustrating the well- 
known choke control system, as well as 


Tin lecture was on more or less popular 


absorption modulation and grid modulation. 
Next he reviewed the work and technical 
policy of the B.B.C., expressing himself as 
an unrepentant believer in the principle of 
providing transmissions capable of crystal 
reception by a maximum of the population. 
Dealing with the High Power Station, indeed, 
he suggested IOO per cent. as the desirable 
oal. 

; The lecturer then turned to the matter 
of international interference, pointing out 
the possibility of mutual heterodyning even 
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though the modulation of the interfering 
station was not received. The allocation of 
wave-lengths and power was then discussed 
on an international, or at least Western 
European, basis. The matter of 200-600 
metres on an “exclusive” and “ non- 
exclusive ” division was dealt with, and 
experiments were described with Bourne- 
mouth and London working on precisely the 
same wave-length. The Piezo-electric crystal 
oscillator was suggested as a drive control 
for the great accuracy required if two—even 
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low-powered—stations were working on the 
same wave-length. 

Lastly, the lecturer discussed the matter 
of quality in both transmitter and receiver, 
dealing with the microphone, the loud 
speaker and coupling transformers. The 
latter point Was illustrated by slides of 
curves showing the flat output of the trans- 
formers used by the B.B.C. 

A discussion followed, opened by Prof. 
C. L. Fortescue, and the lecturer was 
cordially thanked. 


I.E.E. Wireless Section. 


An Announcement. 


Institution of Electrical Engineers has further 

carefully considered the proposal for a New Insti- 
tute of Wireless Engineers and is definitely of the 
opinion that the interests of qualified professional 
wireless engineers are best served by the Institution 
of Electrical Engineers. The Wireless Section of 
the Institution has already deprecated the forma- 
tion of a new Institute of Wireless Engineers, and 
feels confident that it is unnecessary, and will not 
be supported by representative and qualified pro- 
fessional wireless engineers. 

The Institution of Electrical Engineers has 
already explained that an engineer with adequate 
wireless qualifications can become a Corporate 
Member of the Institution, and that other wireless 
engineers not reaching that standard are eligible 
as Graduates and as such can attend all meetings 
of the Wireless Section as well as those of the 
Institution. 

The Committee has taken into consideration the 
suggestions arising out of the previous corres- 
pondence on this subject which appeared in the 
Press, and with a view to improving and extending 
the activities of the Wireless Section, and making 
it more definitely representative of professional 
wireless engineers, the Committee submitted the 
following recommendations which have been 
approved by the Council of the Institution :— 

(1) While it is essential that the standard of 
qualifications for membership of the Institution 

Should be maintained, more opportunity is to 

be attorded to the physicist engaged in wireless 

work to become a member of the Institution. 
Applications for membership of the Institution 
based upon the usual gencral scientific training 
and wireless professional qualifications to be 
referred by the Secretary to a Wireless Section 

Membership Sub-Committee which will make 

reports and recommendations for the guidance 

of the Membership Committee of the Council. 


(2) The qualifications for membership of the 
Wireless Section to remain as at present, viz. : 
” That he is a member of the Institution and is 
actively engaged in the study, design, manu- 


Tis Committee of the Wireless Section of the 
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facture, or operation of Wireless or High Fre- 
quency Engineering Apparatus,” and the Wire- 
less Section Membership Sub-Committee to 
scrutinise all new applications for membership 
of the Wireless Section and decide who shall be 
admitted to it. 

The Sub-Committee to be authorised to call 
for full particulars as to the nature of the study 
undertaken by an applicant or for particulars 
of his work in design, manufacture, or operation 
in order to satisfy themselves that the applicant 
is properly qualiħed in wireless engineering. 

(3) The fact to be emphasised and more widely 
published that the meetings of the Wireless 
Section are open to all members of the Institution. 


(4) The Wireless Section Committce to get into 
direct touch with the Local Centre Committees 
for the purpose of ascertaining the possibility 
of :— 

(a) Starting Local Wireless Sections. 
(b) Stimulating efforts to produce 

Wireless papers. 

(c) Suggesting the reading of available suit- 
able papers, or giving of lectures at Local 

Centres. 


local 


(5) Each Local Wireless Section, when properly 
constituted, to be entitled to elect or nominate 
one Wireless member to the Wireless Section 
Committee. For this purpose, a Local Wireless 
Section shall consist of at least 15 members, 
who must already be members of the main 
Wireless Section. 


(6) The papers and the discussions of the 
Wireless Section and other Wireless papers, in 
addition to appearing in the Journal of the 
Institution, to be issued separately in the form 
of “ Proceedings of the Wireless Section.” 


(7) The Chairman of the Wireless Committee 
to be an ex-otticio member of Council, in the same 
way as are the Chairman of Local Centres, as 
soon as the necessary alterations to the Bye-Laws 
can be made, but in the meantime he will be 
invited to attend all mectings of the Council. 
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‘Radio Society of Great Britain. 


A Review of Last Year’s Activities. 


carried out in 1925 was read at the Annual 

General Meeting of the Radio Society of Great 
Britain, held at the Institution of Electrical 
Engineers on Wednesday, 16th December, under 
the Chairmanship of Brig.-Gen. Sir Capel Holden, 
K.C.B. ERS. 

This review of the work of the Society constituted 
the Annual Report of the Council for the year 
ended 30th September, 1925. 

Early in 1925 (said the Report) the Society was 
called upon to render valuable service in connection 
with the “ Wireless Telegraphy and Signalling Bill, 
1925,” which then came before Parliament. The 
Society prepared a memorandum upon the clauses of 
the Bill incorporating proposed amendments and 
additions which the Council considered would be 
in the interests of the membership. The ultimate 
withdrawal of the Bill was, it is considered, largely 
due to the Society’s efforts. 

Ample evidence has been forthcoming from all 
parts of the country showing that the Society 
continues to be recognised as the most important 
national organisation in the amateur movement. 
It is also interesting to note that Societies in 
Africa, Belgium, France, India and Malta are now 
athliated with the parent Society. 

In December, 1924, arrangements were com- 
pleted whereby EXPERIMENTAL WIRELESS became 
the official organ of the Society. 

The fact that a standard specification of ebonite 
is now available is consequent upon the eftorts 
of the Society in co-operation with the British 
Engineering Standards Association, This important 
achievement is being followed up by proposals for 
the standardisation of wireless components and 
apparatus. 

The decision to adopt a distinctive emblem 
had been put into effect, and badges are now avail- 
able to members. 

With the formation of the International Amateur 
Radio Union the Society received further dis- 
tinction, three of its members being appointed 
officers of the Union. In connection with -the 
formation of the British Section of the Union, 
the Society had the honour, in April last, of 
entertaining Mr. Hiram P. Maxim, President of 
the American Radio Relay League, and several 
American colleagues. 

The social side of the Society's activities was 
not neglected, and both an Annual Dinner in 
London and an Annual Excursion were organised. 
The latter took the form of a visit to the Marconi 
Wireless Transmitting Centre at Ongar, Essex. 

The formation of a Technical Advisory Com- 
mittee was also recorded in the Report. The 
assistance of this Committee is now available to all 
members desirous of help. 

During the session six Important lectures were 
delivered, the speakers being Sir Oliver Lodge, 
D.Sc., F.R.S., Prof. C. L. Fortescue, Mr. P. K. 
Turner, Mr. G. G. Blake, M.I.E.E., and Mr. F. M. 


A HIGHLY satisfactory report of the work 
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Colebrook, B.Sc. In addition a number of profit- 
able informal meetings were held. 

A certain amount of difficulty was experienced 
in securing a sufficient number of lecturers to 
visit the affiliated societies, despite the fact that 
nearly fifty gentlemen volunteered their services. It 
was hoped that during the current year more 
members would be able to undertake this duty 
occasionally. Inthe meantime the Society thanked 
all those gentlemen who had so generously given 
their assistance. 

The advantages accruing from the consolidated 
opinion of all the affiliated societies was shown at 
the meetings of the General Committee of the 
attilated societies. As a testimony to the value 
of the considered opinion of the Society it is inter- 
esting to note that when the Imperial Communi- 
cations Committee proposed the drafting of 
technical wireless regulations the Society was 
invited to send a representative. 

Thanks to the courtesy of the B.B.C., fortnightly 
talks on behalf of the Society were given regularly 
from the London Broadcasting Station. 

It was reported that a scheme for the registration 
and certification of wireless dealers was now under 
consideration, but that the Society recognised the 
inherent ditticulties in working such a scheme and 
very careful investigations were being made. 

Membership in all branches showed a decided 
growth during the year, notably in the Transmitter 
and Relay Section. 

The extension of the “ T. and R. Section ” was 
remarkable. There were now members in Africa, 
Spain, France, Italy, America, Canada, and India, 
with the result that much useful co-operation had 
been possible in the direction of experimental tests. 
Informal meetings held at regular intervals proved 
a steady attraction, and while the lectures were 
mainly devoted to transmission questions, the 
receiving side had not been entirely neglected. 

ln July the important decision was made to 
issue a monthly publication known as The T. 
and R. Bulletin devoted entirely to the interests 
of transmitting amateurs. This publication, which 
is circulated only among members of the Section, 
had been well received, and was responsible for a 
large influx of members. 

The Society’s report concluded with a reference 
to the Schools Radio Section, which had also shown 
good work in the past year, notably in the organi- 
sation of a Schools Radio Exhibition in the summer, 
and in collaborating with the Education Depart- 
ment of the British Broadcasting Company. 

The Treasurer's Report, which was also read at 
the meeting, showed a Satisfactory state of affairs. 

Among the interesting points raised was the 
expenditure on postage, which revealed an increase 
of £23 4s. oid. over the previous year. This 
clearly demonstrated that the Society's corres- 
pondence had expanded considerably. 

„The accounts showed that a satisfactory balance 
was carried forward. 
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Correspondence. 


Letters of interest to experimenters are always welcome. 


Pi 


In publishing such communications 


the Editors du not necessarily endorse any technical or general statements which they may contain. 


Howling in Short-Wave Receivers. 
The Editor, E.W. & W.E. 


Sir,—I notice that one of your recent con- 
tributors has experienced the difficulty, when 
working on waves below about 50 metres, of the 
set howling when tuning down to the silent point 
just prior to the cessation of oscillation. He sug- 
gests connecting the grid-leak to L.T. I find that 
apparently this can be cured completely by shorting 
the L.F. transformer secondary by a grid-leak (the 
higher the effective resistance ‘the better). It 
would therefore appear that this is a trouble caused 
by some sort of interference by the oscillating 
detector valve with the low frequency circuit. 


C. R. BETTS. 
Sandv Knoll, 


Radlett, Herts. 


The Beverage Aerial. 
The Editor, EW. & W.E. 


Sır —I am sure I am not the only wireless 
amateur to regret the lack of real, useful information 
on the Beverage aerial. What I have been able 
to gather is the following :— 


The Beverage aerial, the invention of Mr. H. H. 
Beverage, of U.S.A., is a curious form of aerial, 
remarkable for the fact that its length is about 
equal to the wave-length of the signals to be 
received, that its height is about 6 ft., that it was 
used by Mr. Paul F. Godley, also of U.S.A., a few 
years ago, in the then remarkable feat of receiving 
ikW. transatlantic signals with a supersonic 
receiver, using only ten “ toobs.” The directional 
etiect of the Beverage aerial is stated to be very 
great. It is earthed at the far end, through a 
resistance, to get uni-directional reception. (It 
also appears that the Beverage aerial is unsuitable 
for erection in the average suburban garden !) 


To save the operator the trouble of a two-A 
walk, a method has lately been devised whereby 
the earthing resistance is moved to the receiving 
end of the aerial. 

This information (sic), appropriately rearranged 
and polished, has from time to time adorned the 
pages of the “ popular ”’ periodicals. Seeing that 
many patent specifications are given in every num- 
ber of your excellent magazine, would it not be 
possible to include those relating to the Beverage 
aerial in an early issue, giving circuits and data ? 


May I say at the same time how heartily I agree 
with Mr. Anson in his recent remarks regarding 
the “ R.I.” amplification curves. My opinion is 
that the firm in question ought to leave that kind 


of thing to firms who have not such a good reputa- 
tion to take care of. In its capacity as the leading 
English wireless publication, E.W. & W.E. ought 
to impress upon the wireless fraternity the necessity 
of giving amplification curves with a logarithmic 
frequency scale. The experiment of superimposing 
a piano keyboard on the frequency scale of the 
average transformer curve might set some people 
thinking. It cannot be done! The frequencies 
ought to read: 16, 32, 64, 128, 256, 512, 1024, 
2048, 4096, 8192, and not: 0, 500, 1000, I 500, 
2000, 2500, 3000, etc. “ Truth in Advertising,” 
please. 
Kaye E. WEEDON. 
„21, Parkveien, 
Oslo, Norway. 


Screening of Small Variable Air Condensers. 
The Editor, EW. & W.E. 


SIR,—With reference to the letter of Mr. R. Kay 
Gresswell, F.R.A.S., in the January issue of your 
journal, I should like to discuss briefly one or two 
of the interesting comments expressed. 


The object of the article was to show that for 
quantitative work a screened condenser only has a 
strictly definite capacity between terminals, inde- 
pendent of the absolute potentials of the plates, 
when one set is connected to the screen. Thus the 
cases for the screen being— 


(1) Separately earthed ; 
(2) Left quite free and insulated ; 


were dealt with in the last section (p. 971) and 
the first section (p. 972), but purely from the 
point of view of definiteness of capacity. 


I quite agree with Mr. Gresswell for the circuit 
cited, for in the sketch one set of plates is earthed, 
and then to earth the screen is equivalent to 
connecting the screen to one set and earthing the 
combination. 


In this condition, the capacity is independent of 
applied voltage and “ hand effect ” (as far as the 
terminal and leads from the insulated system will 
allow). 


When, however, both plate systems are at 
potentials different from that of earth, and the 
screen is separately earthed, the effective capacity 
between terminals at a given setting is by no 
means necessarily constant, and although unsuit- 
able for quantitative work, is probably quite 
satisfactory for ordinary tuning purposes. 


D. A. OLIVER. 
4, St. Dunstans Gardens, 5th January, 1926. 


Acton, W.3. 
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Patents. 
The Editor, E.W. & W.E. 


SIR,—With reference to your editorial on patents, 
appearing on page 935 of your issue of December, 
1925, the answer to the question contained in the 
last three lines of this paragraph is a most emphatic 
“No,” as such an amateur would infringe our 
patents and we have not presented amateurs with a 
“ free gift” up to the present. 

As I think we have made clear in advertisements 
and otherwise, we are willing to issue a licence to 
all and sundry under the Supersonic Patent on 
receipt of the standard royalty of 30s. 

H. A. Disney, Secretary, 
Standard Telephones & 
Cables, Ltd. 


4th January, 1926. 


63, Aldwich, 
London, W.C.2. 


The Editor, E.W. & W.E. 


S1r,—With regard to the letter by Mr. Disney - 


—in November—and your Editorial in December :— 

Firstly, a patent does not, so far as my know- 
ledge goes, attect use (vide your Editorial) but 
only manufacture, and I do not think the view 
you take ts a correct interpretation of the existing 
enactments. 

“ The principle of our patent law is that nobody 
is given an exclusive right to an.idea but only the 
exclusive right to exploit an idea for profit and 
an idea is only patented as part of the machinery 
for accomplishing that end. 

“ Mere making of any object which comprises 
ideas covered by patents does not, therefore, con- 
stitute an infringement of the patent as long as 
such making 1s not used as a source of gain or 
profit.” 

This was my impression—and I had intended 
to write you in time for the December issue. 
However, I submitted it to legal opinion as a matter 
of precaution, and I have given you his own words 
—my only excuse for adding to the volume of 
letters on the subject. 


Dover. C. E. B. Wirkins, B.A.(Cantab.). 
Esperanto. 
The Editor E.W. & W.E. 
Sir,—With reference to your note in your 


editorial of current issue of vour journal with 
regard to the continuation of your Esperanto 
section, as a reader of your excellent journal since 
its first number, I would be very sorry to see you 
drop this section, as I am sure that you fully realise 
the importance of the language to Radio use, 
and especially in its capacity as a means of com- 
munication between the radio amateurs of different 
nationalities, for whom you cater so etticiently. 


F. R. A. MCCORMICK. 


5, Mount Eden Road, 2nd January, 1926. 


Donnybrook, Dublin. 


Selective Amplifiers. 
The Editor, E.W. & W.E. 


SIR,—I read with great interest Mr. Turner's 
article on Selectivity, but I should like to point 
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out a small error, which, luckily, does not affect 
the value of the numerical results. 


In Appendix I. he takes J = 


= a 
; wL 
Substituting these values in equation (11), we do not 
get equation (12). I deemed this to be a misprint 
at first, but noted afterwards that he says that 
although v, R both vary, y is the more nearly 
constant. 

It would appear better, therefore, to take as 
constant y and L, when we have 


LETO i wL wL p` 
In this case we get for equation (11)— 


A A r e-on 


IR my? 4,1 e 
(eee te ee 


This is without approximating by neglecting the 
effect of p in the first part. Now, so long as v is 
small, the first part is small compared with the 
second, and the numerical results given by the two 
equations for m will be sensibly equal. Only if y 
is increased greatly does the effect of the p in the 
first part (A) become sensible. 


T. IREDALE WILLIAMS. 
Collinson House, 12th December, 1925. 


Mill Hill, N.W.7. 


The Editor, E.W. W.E. 


SIR,—I have read with interest the criticism of 
Mr. Williams in connection with my article on 
selective amplifiers. 

The discrepancy which he mentions in his second 
paragraph is due to the fact that in Appendix I 
of the original article there was a misprint. In the 
line which reads :— 

ce A R Ra 

nd lastly, let —- = y and ' 7 =m, 
wL wL 
wo, Should be substituted for win the denominators 
in both cases. 

Having made this correction, Mr. Williams will 
find that the form of equation 12 as given by me is 
correct. 

lt is obviously desirable to express the two 
ratios v and m in terms of w, rather than w, for 
the former is a constant (t.e., the frequency of 
resonance), whereas the latter is not. 


P. K. TURNER. 
13, Norland Square, 7th January, 1926. 


London, W.I1. 


“ Wipe Out.”” 
The Editor, E.W. & W.E. 


Sır, — Replying to the letters which have appeared 
with reference to the oscillator phenomenon which 
I have previously described, it does not seem to me 
that either explanation covers my observations. 
In order to avoid possibility of error I have repeated 
the experiment, taking special care to observe the 
effect from both sides of the resonant frequency, 
and the results confirm the previous observations 
in every respect but one, namely, that there is a 
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sharp drop in voltage just before synchronisation. 
In every case, however, the curve of recorded 
voltage is symmetrical, and returns to zero (unlike 
that shown by Mr. de Burgh). 

The explanation given by Mr. de Burgh describes 
the sequence of events which I would have expected, 
and it was the different result which occasioned 
surprise. 
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The silent space is grcatly exaggerated on the 
diagram, as with the sets of oscillations being of 
equal strength it is reduced to an extremely minute 
band of frequency. 

It will be noticed that the curve shown is similar 
to those obtained from quartz resonators across a 
tuned circuit. From what little I know of the 
properties of these crystals it seems to me that the 
action is analogous in some respects. 

Referring to Mr. Browning's remarks, am I to 
gather that the inductance of the oscillator is 
attected by the distant signals (from 2LO)? It 
does not seem that this could be possible, as the 
voltage set up in the oscillator coils would be very 
much less than that in the receiver, which is con- 
nected to an aerial, and this again would be much 
less than that generated in the oscillator coils by 
its own action. The only appreciable effect on the 
oscillator from the distant transmitter would be 
through the medium of the receiver. 

In fact, it is the interaction of three circuits which 
makes the matter so complex, as the effect of one 
train of oscillations on the other through the 
medium of the receiver circuit would appear to 
play an important part in the action of the experi- 
ment. 

MARCUS G. SCROGGIE, B.Sc. 

Lee, S.E.12. 


Alignment Principle. 
The Editor, E.W. & W.E. 


Sir,—Mr. Barclay’s article on the Alignment 
Principle is a most useful contribution in December 
number showing how Projective Geometry can be 
utilised. 

The formula at top of column 2, p. 940, and in 
appendix, p. 942, should be corrected by substituting 
the following expression for the “ I ” (last term) :— 

À,? = d,? A? 
ARIA ŜAJ 
J. HART. 
Harrow. 
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The Editor, E.W. & W.E. 


Sır, —I cannot understand the significance of 
your correspondent, Mr. Hart's, “ correction” to 
my formula, and for his satisfaction as well as for 
my own, I herewith append a simple proof of it :— 


Our object is to find the points C, C, C; on OX 
such that 
HG = A32 raat A22 
GO! A2—A,2 
Change now the origin to the point Ol, and let 
01X! be the new axis of X. 
Then, y-co-ordinate of G is Àà,? — À? = a (say) 
y-co-ordinate of H is A49 — A,“ = b (say). 
Let PC», PC, meet O'X' in R and T respectively. 
Then, x-co-ordinate of R is (r, — 71) = kc (say) 
x-co-ordinate of T is k(r3 — 1) = kd (say) 
where k is a constant. 
For the lines GR and HT we have then the 


equations, 
3 Vio. AEri 
eae ae kdt : 
in which, putting y= —A,2, we obtain for the 
X-co-ordinates of C and C}, 
= Ao ACA? 
OC; = kc(1-p'1 ) = 4 
À? kdà,? 
OC; = kd(1 +P) == = 
Whence, 
C,Ca Pad (rs) CAA?) A 
OC, A,“bc (ra — ri) (A2-A,?) Abŝ 
W. A. BARCLAY. 
Murtle, 
Aberdeenshire. 


Readers’ Views. 
The Editor, EW. & W.E. 


S1r,—You invite expressions of opinion from 
your readers as to the contents of your magazine, 

Might I suggest that the best policy would be 
to let the contents correspond as far as possible 
with the title ? That is to say, I think the con- 
tents should be about experimental work in wire- 
less telegraphy and should not deal with index- 
making or Esperanto, useful and interesting 
though these subjects may be. 

I should also like to enter a plea for the reader 
whose mathematics have not gone beyond the 
point of (say) the matriculation examinations at 
Universities. Not that I would desire to eliminate 
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the more highly specialised articles. Far from it. 
I think they seem to be very useful, though I 
comprehend them only in places. But surely 
there is room in the field of experiment for the, 
relatively, non-mathematical amateur. Further 
information as to how such an one might help to 
augment the general fund of knowledge would be 
very useful, and if the pith of the mathematical 
articles could be given for his benefit, I think it 
would be well. I am sure that this is already done 
to a considerable extent, but I think it might be 
done a little more fully. i 

Another point. Could not more references be 
given to authoritative text-books so that the 
relatively unmathematical reader might be put 
in the way of brushing up his mathematics 
and so, perhaps, eventually, be better able to 
appreciate the more highly technical articles ? 

Experiment and education in experiment. These 
should, I think, be your watchwords. 

E. C. R. 
West Byfleet. 


Transformer Curves. 


[Under correspondence in the issue of E.W. & W.E. 
for January, 1920, two letters were included over 
the initials A.B. and C.D. respectively. We have 
been asked to make it clear that these initials 
were put in substitution for the names of two 
firms commercially interested in the manufacture 
and sale of L.F. transformers.—EDITORS.] | 


The Editor EW. & W.E. 


SIR,—I have followed the Transformer Curve 
discussion with great interest. To my mind the 
correspondence columns are one of the most 
interesting features of your paper. Also I should 
` like to congratulate you on the policy upon which 
you run these columns as expressed in the December 
editorial. May I contribute something to the 
discussion ? 

There is one fact that Mr. Appleton's critics 
seem to have ignored: the response of iron to a 
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magnetic field is partly mechanical. There is an 
expansion of the iron, for instance.* Now in any 
operation into which mechanical friction enters 
there is a limiting value for the applied force below 
which there is no response at all. I don’t think 
that there can be much doubt that the “ Appleton 
effect ” does exist, though I am rather sceptical 
about its importance under normal conditions. I 
should like to see the figures obtained in the 
experiments upon which Mr. Appleton’s theory is 
based. D. F. VINCENT. 


Reading. 14th January, 1926. 


The Editor, E.W. & W.E. 

S1r,—I am not surprised that Mr. Appleton 
should devote more attention to my introductory 
anecdote than to the body of my letter, because 
he had once before proved his reluctance to facing 
the facts. But I am surprised that he shou!d 
throw suspicion on my motives. 

In these circumstances I am compelled to state 
that I am not connected, either directly or in- 
directly, with the radio industry—except as a 
purchaser of transformers and accessories, for my 
own use. 

Further, like many other independent experi- 
menters, I am constrained to inform the “ powers 
that be ” that there are limits to which the licence 
we readers allow advertisers can be stretched. I 
would sooner deny myself the undoubted benefits 
that I derive from subscribing to technical publi- 
cations than submit uncomplainingly to an adver- 
tising campaign that gratuitously insults my 
intelligence each issue. 


WILLIAM D. OWEN, A.M.I.E.E. 
Palmer's Green, N.13. 


* [Mechanical friction of a molecular character 
—and it is molecular friction which is involved 
here—enters into the deflection of a spring, but 
we have always understood that the deflection 
was proportional to the force, however small.— 
G.W.O.H.] 
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From the World's Wireless Journals. 


Abstracts of Technical Articles. 


R000. “GENERAL PRINCIPLES AND THEORY. 


Ro6o.—I.E.E. WIRELESS SECTION —CHAIRMAN'S 
ADDRESS.—Maj. B. Binyon, O.B.E. (Journ. 
Inst. E.E., Dec., 1925). 


Address delivered 4th November, 1925, an 
account having appeared in E.W.& W.E. of 
December, 1925. The address dealt chiefly with 
marine wireless, under the sectional headings: 
Spark Sets, Spark Gaps and Systems of Trans- 
mission, Emergency Sets, Lifeboat Installations, 
Ships’ Aerials, Automatic Call Devices, Direction 
Finding, Demonstrations of an Automatic Call 
Device and of an Automatic Direction Finding 
System were given. 


Ri11.-ETHER Drirt.—G. W. de Tunzelman 
(Electrician, 18th Dec., 1925). 


An article discussing the recent change of front 
on the question of the relative motion of earth and 
ether. Observations made by Dr. D. C. Millerat 
Mount Wilson Observatory, California, 6 ooo feet 
above sea level, indicate that at this altitude the 
earth and the adjacent ether do not move together. 
By comparison with previous observations made by 
Miller and Morley at Cleveland, Ohio, at only 
shghtly above sea level, this suggests a partial 
drag of the ether by the earth, which decreases with 
altitude, or in other words, with greater altitude the 
earth loses its grip on the ether. This article reviews 
classical work on the subject from the original 
interference experiments of Michelson up to the 
1904-5 work at Cleveland, Ohio. The recent work 
of Miller at Mount Wilson from 1921-25 is described 
with some curves of results. Further work is in 
progress. 

A short note on the same subject in the Journal 
of the Franklin Institute, November, 1925, quotes 
views of Lorentz, Einstein and Eddington on 
Miller's results, in so far as they are completed. 
The subject is of considerable importance in con- 
nection with the theory of relativity. 


R113.— NOTES ON THE CONDITIONS GOVERNING 
TRANSATLANTIC RECEPTION.— S. K. Lewer 
(E.W. & W.E., Dec., 1925). 


R113.6.—ON SOME DIRECT EVIDENCE FOR Down- 
WARD ATMOSPHERIC REFLECTION OF ELEC- 
TRIC RAys.—Prof. E. V. Appleton and M. A. 
F. Barnett (Proc. Roy. Soc., A. 109, 1925). 


A paper dealing both theoretically and experi- 
mentally with the effect of the upper ionised layer. 

Experiments are described indicating that for 
short-distance transmission (e.g., too miles) of 
waves of broadcasting length, the fading of signals is 
due to interference between two sets of waves, 
one the direct ray from the transmitter, and the 
other a ray deviated by the ionised layer. According 
to the instantaneous phase between these they may 
mutually assist or oppose. A method of estimating 
the height of the layer is shown, the preliminary 


experiments indicating a height of about go km. 
Subsequent experiments are described for the 
determination of the angle at which waves deviated 
by the upper layer reach the ground. It is shown 


„that waves arriving at the ground from the ionised 


layer produce a “stationary wave” system. 
From considerations of the values of the electric and 
magnetic vectors, it is proved that, with a downward 
ray, greater signal variations will occur with a loop 
receiver than with a vertical aerial receiver, and 
that from the ratio of these variations the angle of 
arrival can be calculated. A loop reĉeiver and a 
vertical aerial receiver were both adjusted for equal 
(galvanometer) signals for the direct ray trans- 
mission of day time. When night time fading set 
in the ratio of signal current variations was observed, 
and it was found that fading was more pronounced 
on the loop set. At Cambridge the ray from the 
London (B.B.C.) transmitter returned from the 
layer arrived at an angle of 60°—7o0° with the 
ground. 

Examination of the stationary wave system 
referred to shows that the atmospheric rays are, 
generally, elliptically polarised, and that this may 
be sufficient to cause errors in direction finding 
systems at distances of 30 or 50 miles for overland 
transmissions. 

Approximate values are finally deduced for the 
reflection co-efficient of the ionised layer for low 
angles of incidence, and for the inferior limit of 
electronic density. The reflection co-efficient is 
estimated at between 0.2 to 6 per cent., according 
to the attenuation factor assumed for the direct 
ray, and the electronic density is placed at a 
minimum of 105 electrons per cubic centimetre. 


R113.6.— WIRELESS SIGNALS VARIATIONS.— Prof. 
E. V. Appleton and M. A. F. Barnett 
(Electrician, 11th Dec., 1925). 


An article dealing with the same general matter 
as the foregoing abstract, and more especially with 
the measurement of the angle at which the reflected 
waves reach the ground. Variations with height 
of the three dimensional electric and magnetic 
vectors of the ‘stationary wave” system are 
illustrated by diagram and evaluated in a table. 


R.134—THE RECTIFICATION OF SMALL RADIO 
FREQUENCY POTENTIAL DIFFERENCES BY 
MEANS OF TRIODE VALVES. PART II.— 
F. M. Colebrook (E.W. & W.E., Dec., 1925). 


R200. — MEASUREMENTS AND STANDARDS. 


CIRCUIT RESISTANCE. — G. H. 
(Q.S.T., Dec., 1925.) 


An attempt is made to specify a quantity “ to 
give an easy way of rating the worth of a circuit 
used in the reception of radio signals.” The ratio 
R/X is suggested as suitable, R being the H.F. 
resistance and X the inductive reactance (27fL) of 
the circuit. Curves are given for this ratio against 
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wave-length for a number of coils of spaced and of 
non-spaced winding, while an extended curve for a 
single coil shows a considerable tuning region 
where the ratio is a minimum and almost constant. 
The article concludes with remarks on the choice 
and design of coils. 


R261.—MESURE DE LA DIFFERENCE DE POTENTIEL 
MAXIMA AUX BORNES D'UN CIRCUIT PAR- 
COURU PAR DU COURANT ALTERNATIF.— 
F. Bedeau (Onde Elec., Nov., 1925). 


An article dealing with the well known “ slide 
back ” method of measuring the maximum of an 
oscillating or alternating E.M.F. After considering 
the general principles and advantages of the 
arrangement, the author points out the disadvantage 
and the difficulty of obtaining an absolutely zero 
value of anode current due to the very slight slope 
of the anode current curve at the region involved. 
A satisfactory solution is recommended by the 
resistance coupled arrangement shown in Fig. 1, 
where V, is the input to be measured. If the 
second valve be already ht, switching on the first 
valve will give a P.D. across R, causing a diminution 
of current through mA. In the absence of the 
input voltage V,, the mean voltage of the first 
grid is made negative by the battery (and potentio- 
meter for fine adjustment) until the reading of 


Fig. 1. 


mA is again a maximum. This is repeated with 
Vx applied, in the usual manner of the slide-back 
method. The resistance R can conveniently be of 
the order of a megohm, on account of the high 
internal impedance of the valve round the region 
of zero current. A note follows on calculation, 
the choice of valves, and calibration. 

A supplementary note by P. David emphasises 
the advantage of the arrangement in determining 
peak values when the positive and negative half 
cycles are not of equal amplitude. This is readily 
done by reversing the connections of V,. 


R283.—IRON CORED CIRCUITS :— 


(a) The Inductance and Loss Resistance of 
an Iron-Cored Circuit. 

(b) Damped Oscillations in an Oscillatory 
Circuit with Iron Core. 

(c) Switching-in Effects in an Oscillatory 
Circuit with an Iron Core. 

(d) Oscillations in Coupled Circuits when the 
Secondary Circuit contains an Iron Core. 
—H. Plendl, F. Sammer and J. Zenneck 
(Zeit. f. Hochfreq, 26, No. 4, 1925). 


Four articles on the behaviour of circuits con- 
taining an iron-cored inductance, all the measure- 
ments being made at frequencies of the order of 500. 
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In (a) measurements of the inductance and loss 
resistance are described. The alternating current 
through, and the voltage across the iron-cored coil, 
were measured, and a dummy circuit of a variable 
resistance and an air-cored inductance was sub- 
stituted and adjusted to equality. Different values 
of steady current up to 2 amps were also sent 
through the iron-cored circuit with the A.C. super- 
imposed. Result curves of the inductance and 
loss-resistance under the various conditions are 
given. 

(b) Deals with the effect of the iron-cored circuit 
on oscillations set up in a secondary circuit by a 
frecly excited primary. The effects are well illus- 
trated by a series of oscillograms, taken with a 
Braun tube. A switch permitted the substitution of 
a dummy circuit, as in (a), similarly adjusted to 
equality with the iron-cored circuit. The primary 
was excited into free oscillation by switching 
discharge of its condenser after charging to known 
potentials. An extensive series of oscillograms 
show the comparison between the secondary 
oscillations with and without the iron-cored, when 
the primary condenser was charged to various 
voltages and its circuit variously coupled to the 
secondary. 

In (c) are considered the effects of switching in a 
generator to a circuit containing a condenser and 
an air-cored inductance (for resonance adjustment) 
and the iron-cored circuit under consideration. 
Curves are given for the current-voltage character- 
istic of the circuit under different conditions, and 
Braun tube oscillograms show the transient effects 
on switching. 

In (d) a generator of the order of 500 cycles is 
included in a primary circuit with a condenser and 
two air-cored coils, one of these being coupled to 
the secondary, which contains a condenser and the 
iron-cored circuit. Curves are given for the induced 
secondary voltage against the current in that circuit, 
and for primary and secondary current with machine 
voltage for various values of coupling between the 
circuits. Oscillograms are also given for primary 
and secondary currents for different couplings and 
machine voltages. Many of these show the beating 
phenomena of coupled circuits, and these are 
discussed with reference to the conditions. 


R300.—APPARATUS AND EQUIPMENT. 


R342.7. — CONSTRUCTION D’AMPLIFICATEURS DE 
PUISSANCE SANS DISTORTION.—E.W. Kellogg. 
(Onde Elec., Nov. and Dec., 1925). 
Translation and Reprint from Journ. Amer. 
I.E.L., May, 1925. 


The paper deals with the problem of obtaining 
the maximum possible output from a given amplify- 
ing valve, with negligible distortion. An amplifying 
valve can conveniently be rated in terms of the 
output in watts obtainable when a sinusoidal 
voltage, of as great amplitude as can advantageously 
be utilised, is applied to the grid. This rating is 
much less than that of the same valve used as an 
oscillator. 

From a set of static characteristics for a given 
valve, the dynamic characteristics for any load can 
be plotted. From this the power output and dis- 
tortion can be evaluated, examples being given. 
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An optimum value of load resistance is given as 
twice the internal impedance of the valve, with the 
H.T. voltage limited to a certain value. An increase 
of this value would lead to excessive heating of the 
anode, and different rules apply, calling for greater 
grid bias and load. The symmetrical circuits of 
the “ push-pull” system are discussed, and it is 
stated that while this reduces distortion, it will 
not make up for incorrect operation of the 
valves, nor will it greatly increase the output per 
valve. 

The dynamic characteristics for a reactive load 
are not readily plotted. For most practical purposes 
of design, however, it is sufficient to determine the 
optimum conditions for a resistive load, and then 
to make the impedance of the reactive load high 
enough to maintain the anode current variations 
aoe the limits determined for the resistive 
oad. 

An important application of the principles dealt 
with is in the design of complete transmitters for 
telephony. Here serious distortion results from 
over-working the modulator valves. For moder- 
ately deep modulation it is stated that there should 
be from two to four modulator valves for each 
oscillator. 

The closing paragraphs discuss certain details 
of design. 


R342.6.—A THREE-TUBE NEUTRODYNE FOR SHORT 
WAVES.—D. Ablowich, Jr. (Q.S.T., Dec., 
1925). 


A description of a three-valve receiver set 
employing the arrangement of neutrodyne shown 
in Fig. 1. The anode coils have 8 turns of 22 D.c.c. 
wire wound on a 1ĵ in. diameter tube. The grid 
coils have 40 turns of the same wire wound on a 


Fig. 1. 


2} in. diameter tube. The coil is tapped at 8 turns 
for connection to the neutralising condenser, 
while an auxiliary tuning tap is taken off at 25 
turns. With a condenser of .ooo 25uF the 25 
turns tune from ŝo to 170 metres and the 40 turns 
from 145 to 235 metres. 


R344.1.—VALVE MAINTAINED TUNING FORKS.— 
T. G. Hodgkinson (Proc. Phys. Soc., London, 
Dec., 1925). 


The paper first considers the original (and more 
usual) case of a fork system with the magnet coils 
directly connected to the valve electrodes. Atten- 
tion is devoted to the effect of the valve electrode 
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conductances, and to the direction of the coil 
windings, with expressions for the various cases. 
In the second part of the paper is discussed the 
case of a fork system with transformers between 
the valve electrodes and the fork magnet coils. 
It is shown that this arrangement has considerable 
advantage—especially for low frequency forks— 
in that it permits more winding space for the valve 
coils thus letting the impedance of the anode coil 
be comparable to the impedance of the valve. It 
is also shown that it is possible to adjust the phase 
of the driving current in such a way as to reduce 
the difference between the note of the maintained 
system and that of the true fork to zero. 


R345.—NoTE SUR UN NOUVEAU PROCEDE DE 
MODULATION DES EMETTEURS A LAMPE.— 
P. David (Onde Elec., Nov., 1925). 


The method described is an interesting ex- 
pansion of the standard “constant current” or 
“ choke control ”? system of modulation. 


MODULATOR 


Fig. 1. 


The method is primarily illustrated by Fig. 1, 
showing two valves employed symmetrically as 
oscillators. The choke is placed between the 
negative H.T. lead and the filament, so that, 
without modulation occurring, the steady drop of 
voltage across the ohmic resistance of the choke 
makes the oscillator grid negative. The incidence 


MODULATOR 


Fig. 2 


of modulation causes the usual audio-frequencv 
voltage fluctuations across the choke. These 
variations are applied, part to the anodes (as in 
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the normal method of choke control) and part to 
the gvids of the same valves. The grid variation 
being preponderant gives a more powerful 
modulation. ` 

The system is equally applicable to an oscillatory 
system not symmetrically disposed, as shown in 
Fig. 2. It is then necessary to shunt the choke 
by a condenser k by-passing for radio frequencies, 
and to insert an H.F. choke s in the modulator 
circuit to keep the high frequency current out of 
that circuit. 

It is also pointed out that onły part of the 
oscillator H.T. voltage may be applied to the 
modulator. 

If iron cored, the choke should not be saturated 
by the steady anode current, and the H.T. source 
should be shunted by a condenser passing musical 
frequencies. 

Several oscillograms are given showing modula- 
tion results with the arrangement of Fig. 1. 


R374.5—THE NEW CARBORUNDUM DETECTOR.— 
M. L. Hartmann and J. R. Meagher (Q.S.T., 
Dec., 1925). 


The paper describes work in the Research 
Laboratory of the Carborundum Company, Niagara 
Falls, with a view to finding carborundum of the 
most efficient rectifying qualities, the best type 
of mounting and the correct pressure between 
crystal and contact. It is stated that with a 
particular variety of carborundum never previously 
used for rectification, it was found desirable to 
press the crystal against the hardened metal 
plate with a pressure of more than 5 Ibs. A 
detector of fixed pressure contact is illustrated 
and described, with a diagram of its characteristic 


curve. The complete unit comprises crystal, 
potentiometer with battery, and by-pass con- 
denser. Mechanical pressure being fixed, the only 


adjustment is that of the potentiometer for the 
position of rectifying bend. 


R376.3—DEMONSTRATIONS OF THE PUBLIC ADDRESS 
SYSTEM IN EUROPE.—A. F. Rickard (Llect. 
Communication, Oct., 1925.) 


An historical account of the progress of the 
Western Electric Company’s public address system 
in Europe, more especially in Great Britain. 
Descriptions are given of various occasions when 
the system has been used since its first appearance 
in November, 1922. Considerable prominence is 
given to its use at the opening of the Wembley 
Exhibition by H.M. the King. Another notable 
occasion mentioned was the use of an extra large 
wooden projectorina demonstration at Southampton 
to show the utility of the system in directing ships 
into dock berths. With this projector speech 
could be understood up to one and a half miles 
from the berth. A note is given on its use at 
sports meetings, etc., and a short concluding 
section names a few of the occasions when the 
system has been used on the Continent. 
R382.—Toroips.—F. J. Marco 
1925). 


After considering the disadvantages of solenoidal 
pattern windings in H.F. amplifer circuits, the 


(Q.S.T., Dec., 
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author points out the theoretical advantage of the 
torus in that it has practically no external field. 
He then considers the design of toroidal coils, 


’ working from the Bureau of Standards formula 


L = .004 606 N? H log = 
ri 
Where N is number of turns, H thickness, r, the 
outer and 7, the inner radius. Curves are given for 
the ratio rr, for maximum inductance and for 
maximum L;R. The use of toroidally wound coils 
for inductively coupled H.F. transformers is then 
considered, the author concluding that it is desirable 
to wind the secondary as a complete torus with the 
primary inside it to about one-third of its circum- 
ference. It is pointed out that the toroid is not 
immune from electrostatic “ pick-up,” but it is 
claimed that this pattern of coil 1s more easily 
shielded without increase of effective resistance. 
Illustrations are given of several commercial forms 
of toroidal windings. 


R386.—AMATEUR FILTER PROBLEMS.—F. S. Dellen- 
baugh (Q.S.T., Dec., 1925). 


An article dealing with the design of filter 
circuits for smoothing a rectified 25-60 cycle supply. 
An extensive table of design data for inductance 
coils with iron cores is given, with diagrams of 
suitable complete filter circuits. Instructions are 
also given for testing, especially with regard to 
the best air gap in the magnetic circuit of the iron 
cored coils. 


R388.—A NOTE ON THE CATHODE Ray OSCILLO- 
GRAPH.—F. Richard Terroux (Journ. Frank. 
Inst., Dec., 1925). 


The author suggests the use of a quartz window 
to facilitate photography of the fluorescent pattern. 
It is pointed out that with the fluorescent material 
on the inside of a glass bulb, relatively long ex- 
posure of a steady pattern is necessary, while with 
instruments (e.g., that of Dr. A. B. Wood) photo- 
graphing inside the vacuum, considerable handling 
and pumping are necessary. The author describes 
an arrangement using a quartz window, with a 
highly sensitised plate mounted externally to it. 
Exposures down to about I/Iooth second are 
illustrated. The fluorescent material was Wille- 
mite, but it is suggested that a mixture of calcium 
tungstate (as in the Western Electric tube) would 
be superior, while the quartz sheet could be 
made thinner than that actually employed. It is 
pointed out that as the photographic plate is placed 
against the quartz, no lens system is necessary, 
and that the arrangement should prove suitable 
for the convenient photography of impulsive 
phenomena, 


CORRECTION. 


In the advertisement pages of the December 
issue an error occurred in the announcement of 
Messrs. A. Vandam, Caxton House, Westminster, 
S.W.1. The O'Keefee coil, which is referred to, 
is described as the smallest coil with the greatest 
capacity instead of the greatest efficiency. 
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Some Recent Patents. 


A CAPACITY LEAD-IN. 
(Application date, 19th November, 1924. 
No. 243,517.) 


An attempt to solve the lead-in problem is dis- 
closed in the specification of British Patent No. 
243,517, granted to A. H. Guiness, the accompany- 
ing diagram illustrating the idea of the invention. 
It is well known that it is not always easy to obtain 
a really efficient lead-in when the aerial has to be 
taken to some room in an ordinary house not pro- 

vided with com- 

mercial lead-in in- 
G sulators, and similar 
fittings. According 
to the invention, 
instead of passing 
the wire through 
the window or wall, 
connection between 
the aerial and the 
receiving system is 
capacitative. Two 
metal plates are 
used, one on either 
side of the glass 
X window, which 
forms thedielectric. 
Thus, in the accom- 
panying illustration, 
it will be seen that 
one plate A is pro- 
vided with a ter- 
minal T, which is 
connected to the aerial lead-in, while another 
plate P, provided with another terminal X, is con- 
nected to the aerial terminal of the receiver. The 
glass window shown at G constitutes the dielectric. 
The two plates are kept in position by means of 
two arms R of insulating material which are 
fastened together bv means of a U-shaped spring, 
not shown, of course, in the illustration. This 
spring is placed over the top of the window, which 
thus supports the two plates and the spring action 
causes the plates to keep in contact with the glass. 
We should imagine that a lead-in of this nature 
would be more useful on the shorter wave-lengths. 
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A RESISTANCE COUPLED REFLEX RECEIVER. 
(Application Date, 18th June, 1924. 
No. 243.039.) 

A modification of the well-known form of reflex 
receiver, in which the valve is made to amplify 
both high frequency and low frequency, is dis- 
closed in the British Patent No. 243,039 granted 
to J. Scott-Taggart. The accompanying illustra- 
tion indicates the broad idea of the invention. 
The receiver employs two valves 4 and B. The 
first valve 4 is employed as a high frequency and 
low frequency amplifier simultaneously, while the 
second valve B merely acts as a detector. The 
aerial circuit E consists of an ordinary inductance 
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and variable capacity in parallel, which is virtually 
connected between the grid and filament of the 
first valve. Actually the grid-filament circuit of 
the first valve includes a condenser C1, of the 
order’ of 0.25uF, a high resistance Ri of the order 
of 70000 ohms shunted by a condenser to act 
as a high frequency by-pass, and also the H.T. 
The anode circuit of the first valve A contains 
the primary winding of a high frequency trans- 
former T, the secondary of which is shown 
tuned and connected between the grid and filament 
of the second valve V, a grid ledk and condenser 
GL being included in order to make the second valve 
rectify. The anode circuit of the valve B contains 
a reaction coil R and also a high resistance Ri, 
while the anode circuit of the first valve 4 also 
contains the telephones or loud-speaker. The 
mode of operation is briefly as follows: High 
frequency potentials due to incoming signals will 
be impressed between the grid and filament of the 
first valve, where they will be amplified and passed 
on by the high frequency transformer T to the 
grid filament circuit of the second valve. Here the 
amplified potentials will be detected, and the anode 
circuit of the second valve will then contain low 


frequency components. As this anode circuit 
contains the high resistance Ri, low frequency 
potential will be set up across it which will be 
passed on to the grid of the first valve, by means 
of the 0.25uF condenser C1, where they will be 
amplified by the valve A, and cause the telephones 
to be operated. An additional feature of the cir- 
cuit, of course, is the regenerative effect of the 
detector valve, and the aerial circuit by means of 
the reaction coil connected as shown in the diagram. 
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The circuit is really a normal reflex arrangement in 
which the resistance replaces the low frequency 
transformer or choke: 


THE “ KONE ” LOUD-SPEAKER. 


(Application date, 9th August, 1924. 
No. 240,596.) 

The above British Patent, No. 240,596, granted 
to the Western Electric Company, Limited, appears 
to be one of the specifications relating to the well- 
known “ Kone ” loud-speaker. The accompanying 
diagram illustrates the 
general idea and con- 
struction of the 
“Kone,” which will be 
seen to comprise a 
metal framework F 
supported by a base B, 
the framework F being 
essentially circular in 
shape and carrying a 
truncated cone C. To 
the base of. this cone 
is attached another 
complete cone K, the 
apex A of which com- 
municates with the 
electromagnetic 
system. That actually 
used is the Baldwin or 
balanced type, shown 
at E, and supported by 
a bracket X attached 
to the framework F. 
The armature of the 
system is connected to 
the apex A by means 
of a link L. When the 
armature is caused to 
vibrate by the passage 
of speech currents the link L is pulled in and out, 
and the movement is imparted to the two cones 
which vibrate as a whole, and cause a similar 
vibration in the air. The diameter of the cone is 
of the order of 12 to 18 in. and is made of specially 
treated paper or similar material. The advantage 
of this type of receiver is that certain frequencies, 
especially the lower ones, are not likely to be cut 
ott as is usually the case with the normal type of 
sound conduit and horn. 


AN INTERESTING FILAMENT. 
(Convention date, France, 26th May, 1924. 
l No. 234,480.) 


The above British Patent, granted to J. Hawadier, 
describes yet another method of dispensing with 
large storage batteries for filament heating of 
small valves. It is well known that if alternating 
current is used directly to heat the filament many 
undesirable effects are obtained. Hitherto equi- 
potential cathodes have been employed in which 
the A.C. element heats a large surface, which is 
used as a cathode, but this method necessitates 
a rather large current consumption. According to 
the present invention, however, a valve V is pro- 
vided with two filaments, one filament C is heated 
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by alternating current at any desired voltage, and 
the filament is then covered with some non-con- 
ducting substance 1. It is pointed out in the speci- 
fication that before any substantial emission is 
obtained it is necessary to raise the temperature 


o 
JQ 
D 


of the filament to a certain degree, dependent 
upon the nature of the substance. There is 
actually a particular value at which practically 


no emission takes place, and yet if increased by a 


few degrees immediately causes electronic emission 
to occur. Accordingly, the insulating material is 
raised to some predetermined temperature by the 
alternating current, and an auxiliary filament M 
is wound over the insulating material, the filament 
being provided with means of connection to an 
accumulator. The current passing through the 
filament from the accumulator is sufficient to raise 
the temperature to the desired additional number 
of degrees to produce sufficient emission. It is 
stated that it is preferable to employ for the 
auxiliary filament a material having a negative 
temperature co-efficient. Although the scheme 
appears to be very ingenious we do not see the 
advantage over the ordinary equi-potential cathode, 
since it would appear to be quite possible to make 
the insulating material a few degrees hotter bv 
passing more alternating current through the main 
filament, thereby obviating the necessity of any 
direct current through the auxiliary filament. 


AN INTERESTING RECEIVING SYSTEM. 
(Application date, 22nd July, 1924. 
No. 243,407.) 

A rather interesting method of receiving signals 
by stopping and starting the generation of con- 
tinuous oscillations is described in the above 
British Patent Specification by D. B. Fletcher, 
D.Sc., and S. Brydon, D.Sc. It is well known 
that the condition of a valve determining the pro- 
duction of oscillation is dependent upon the grid 
potential and the coupling existing between the 
anode and grid circuits. As soon as the valve 
cominences to oscillate there is a very considerable 
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change in the anode current, and consequently if 
incoming signals can be influenced to control the 
oscillation of a valve a very efficient method of 
detection is assured. The circuit shown in the 
accompanying illustration indicates one method 
of arranging a series of valves to act in this manner. 
It will be seen that the aerial circuit consists of the 
usual condenser Cr and inductance Li. The grid 
circuit of the first valve contains the tuned circuit 
L2 C2, and also the inductance L3, which is coupled 
to the aerial inductance Li. The anode circuit 
of the valve Vi contains an inductance L4, which is 
coupled to the inductance L2 so as to bring about 
a regenerative effect. The potentials produced by 
the anode of the valve Vi are communicated to 
the grid of the valve V2 by means of a condenser 
K, the valve V2 acting as a rectifier. The lower 
end of the inductance L3 in grid circuit of the 


valve Vr is connected to the slider of a potentio- 
meter P provided with a battery and a voltmeter. 
The successful operation of the scheme depends 
upon the correct adjustment of the grid potential 
and coupling existing between the grid and the 
anode circuits. This has to be found by a method 
of trial and error, so that the slightest increase due 
to incoming signals causes the valve to oscillate, 
and immediately ceases as soon as the impressed 
potentials are removed. The patent appears to 
be of rather a limited nature, and seemis to be 
confined to the adjustment rather than the circuital 
arrangement, the specification containing very 
specific instructions as to the best manner of 
adjusting the first valve. 


A STAMPED GRID. 


(Convention date (U.S.A.), 23rd February, 1924. 
No. 229,704.) 

A stamped grid is described in the above British 
Patent, No. 229,704, which has been granted to 
the Westinghouse Lamp Company. The arrange- 
ment will be seen from the accompanying illustra- 
tion, in which it will be noticed that a rectangular 
shaped anode A is employed (which is half cut 
away), H a hairpin filament, and the special grid 
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G. This is stamped out from a sheet of rectangular 
metal, after which the bars B, which are thus 
formed are displaced first on one side and then on 
the other as shown at D. The sides of the metal 
are made of channel section X so that they can 


be attached to upright supports. The object 
of the invention is, no doubt, to provide a very 
rigid structure for the grid instead of the more 
usual helix or spiral of some description. We 
shouldimagine that, providing the other electrodes 
were suitably supported, the valve would be very 
non-microphonic. 


AN A.C. FILAMENT SUPPLY. 

(Application date, 19th June, 1924. No. 239,939.) 

Many schemes have recently been devised for 
utilising alternating current supply for filament 
heating in a valve receiver. The arrangement 
shown in the accompanying illustration is des- 
cribed in British Patent No. 239,939 by E. L. W. 
Bryne, which, in addition to details of the funda- 
mental arrangement, describes several specific 
details and modifications of the idea. The power 


is obtained from a transformer T which is provided 
with a tapping on the secondary at P and heats 
the filament F, of a rectifying valve V,. This 
rectifying valve charges a battery B,, which is 
connected through a choke X to a battery B>, 
which in turn is connected to the filament F: of 
a valve Va in the receiver, another reactance Z 
being connected between the end of the second 
battery and the filament. The battery B, is 
charged by pulsating currents derived from the 
valve V, and in turn is said to charge the battery 
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B., the object of the chokes X and Z being to 
eliminate any pulsating voltages from the valve 
filament Fe: which might be obtained from the 
source of supply. Floating batteries of this nature 
are well known, and we should imagine that the 
particular arrangement should prove quite success- 
ful in practice, provided that the chokes are suitably 
designed and constructed. 


A SPACE CHARGE VALVE. 


(Convention date (Germany), 27th November, 1923. 
No. 225,541.) 


A special type of valve designed to work with a 
very low filament consumption and also to over- 
come the detrimental effect of space charge is 
described by N. V. Philip’s Gloeilampenfabrieken 
in British Patent No. 225,541). One form of 
construction is shown in the accompanying illustra- 
tion, in which it will be seen that the valve com- 
prises the usual glass envelope V and the foot P, 


7 tâ yomo -= -ù 
dye- === 4 


which supports an anode A of cylindrical forma- 
tion and an ordinary helical grid or control electrode 
G, while the filament F is of the usual straight 
wire variety fixed to two upright supports U. The 
filament F is coated with some thorium or similar 
compound so that it works at an exceedingly low 
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temperature. The necessary power required to 
operate the valve is further reduced by providing 
a space charge grid S arranged near the filament 
and intended, of course, to suppress the space 
charge, which thereby allows a far greater filament 
emission to reach the anode. The novelty of the 
invention seems to lie in the provision of the method 
of neutralising the space charge by an additional 
grid or other electrode, in combination with a 
very low temperature filament. This, of course, 
gives a valve which requires the very minimum 
amount of power in order to operate it. 


DETECTION WITH A FOUR-ELECTRODE VALVE. 


(Convention date, France, 15th October, 1923. 
| No. 223,580.) ĝe AJ 

A system of detection employing a four-electrode 
valve is claimed in the above British Patent by 
Compagnie Générale de Télégraphie sans Fil. 
The accompanying diagram illustrates the idea, 
and it will be seen that an ordinary aerial system 
ALCE is employed 
which is inductively 
coupled to a tuned 
circuit LI C1. This 
is connected between 
the outer grid Oand 
some point on the 
filament heating 
circuit, such as at 
F. The anode P is 
connected directly 
to the high tension 
battery. The inner 
grid J is also given 
a positive potential 
so as to reduce 
the eficct of the 
space charge by 
means of the same high tension battery, but the 
inner grid circuit includes an inductance L3 and 
telephone receivers T. The inductance L3 is 
coupled directly to the aerial inductance L1, and 
is arranged so as to provide a regenerative effect 
when taken to the point of oscillation. The 
patent, to us, appears to be rather of a limited 
nature, as there does not appear to be anything 
very fundamental and novel in the circuit shown. 
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Editorials. 


Who Discovered the Long Range of 
Short Waves P 


DISCUSSION on this subject has been 
A sone on lately in the correspondence 

columns of the Electrician between 
Mr. L. B. Turner and Mr. Marconi. In the 
issue of 8th January, Mr. Turner stated 
that “ within the last two or three years it 
has been discovered that with much shorter 
waves the Austin-Cohen formula overstates 
the attenuation enormously. It is largely 
this discovery, made by wireless amateurs 
transmitting with the pitifully useless wave- 
lengths (as all thought) allotted to them by 
the authorities which has stimulated renewed 
efforts to elucidate the behaviour of the 
upper atmosphere.” The italics are ours in 
order to indicate the words to which Mr. 
Marconi took exception in a letter in the 
issue of 22nd January, in which he drew 
attention to papers read by Mr. C. S. Franklin 
and himself in 1922 dealing with experiments 
down to wavelengths of 2 metres carried 
out since 1916, and to a paper read by him- 
self in July, 1924, in which he specifically 
mentions the inapplicability of the Austin- 
Cohen formula to short wave phenomena. 
In the issue of 29th January Mr. Turner 
points out that the 1922 papers deal entirely 
with short range directive work, and that 
the 1924 paper was published on 25th July, 
when the work of amateurs and others had 
already proved the astonishing ranges ob- 
tained with short waves. Mr. Turner gives 
a number of references to The Wireless World 


between April and July to prove the activi- 
ties of €mateurs in this sphere before Mr. 
Marconi's lecture. On 5th February Mr. 
Marconi returns to the charge, pointing out 
that these amateur transmissions were all 
with wavelengths of 100 metres or more, 
and could not be differentiated from the 
freak transmissions frequently observed at 
night-time. He can find no anticipation of 
his discovery that the daylight range in- 
creased as the wavelength was reduced from 
IOO metres down to 32 metres. In the 
current number Mr. Turner makes a brief 
reply, but adds nothing further of note to 
the discussion. 


Another Question of Nomenclature. 


NDER this title we publish in this 
| fisie an interesting letter from Lieut.- 

Col. Edgeworth, who, while agreeing 
with our protest against the misapplication 
of the term “ impedance ” to what we called 
the ‘‘ differential resistance” of a valve, 
makes further suggestions with which we 
do not entirely agree. The main points of 
his letter are: (1) That the impedance is the 
real quantity obtaimed by dividing the 
terminal P.D. by the current; (2) that in 
the method involving imaginary quantities, 
reactance is regarded as an imaginary 
resistance; and (3) that the quantity 
R+ 7X should be called a complex resistance. 


Now with regard to the first point, we 
do not agree that one is entitled to give this 
c 
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narrow interpretation to the term “ imped- 
ance.” Unless two alternating quantities’ 
such as P.D. and current, are in phase, one 
can only define their quotient by adopting 
some convention, and Col. Edgeworth adopts 
the usual convention of taking their R.M.S. 
or maximum values irrespective of their 
phase, but when one remembers that the 
current and P.D. may be in the same direc- 
tion at one moment and in the opposite 
direction at another moment, and that one 
of them may be zero when the other is a 
maximum, it will be obvious that their 
quotient, although a real number, is anything 
but a real physical quantity. When one 
writes V=I xZ there is no reason why Z 
should be limited to giving the mere numeri- 
cal relation between the voltmeter and 
ammeter readings when it can be made to 
give also the phase relations between V 
and 1, nor why it should cease to pe called 
the impedance when so used. 

Turning to the second point of Colonel 
Edgeworth’s letter, we doubt whether it is 
Strictly correct to say that reactance is 
regarded as an imaginary resistance. In the 
method referred to, resistance is treated as a 
real quantity and reactance as an imaginary 
quantity, or, to be even more correct, 
reactance is multiplied by j=1/-1 to make 
the combination imaginary, but that is 
something very different to regarding it 
as an imaginary resistance. 

We have several reasons for disagreeing 
with the third suggestion. R+ 7X is one 
way, and a very informative wav, of stating 
the impedance, and therefore “ impedance ”’ 
it should be called. The second term 7X 
has nothing to do with resistance, real or 
imaginary, and therefore the name “ resist- 
ance,” however qualified, should not be 
applied to it. We prefer to keep the term 
“ resistance ” strictly for that ccmponent of 
the impedance which causes a dissipation of 
energy, whilst the term “‘reactance ” is 
applied to the other component which is 
associated with the storing and restoring of 
energy in the magnetic and electric fields. 
The expression R-+ 7X cannot be called a 
vector, but when it is multiplied by a vector, 
such as the current I, the product 7 R +71 X is 
another vector made up of two components, 
one IR in phase with the current, and the 
other JX go? ahead of Z, for this is the 
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meaning of the 7 placed before the J. Hence 
R+ 7X, whilst not a vector itself, performs 
an operation on a vector, producing another 
vector y R2--X? as big as the first one and 
ahead of it by an angle $ where tan 9 =X/R. 
. Hence, of the names mentioned in Colonel 
Edgeworth’s letter, “ generalised or complex 
resistance ” should be ruled out because of 
the misapplication of the word “ resistance.” 
“Operator” by itself is too vague, but 
“operator impedance” or “impedance 
operator '” are both correct and self-explan- 
atory. Although “impedance vector” would 
be incorrect, in that it is not a vector, 
“ vector impedance ”?” would be a good term, 
the word “vector” being used as an adjec- 
tive to indicate that the impedance was. 
given in a form suitable for application to 


vectors. But whether written 4/ R? + X? 
or R+ 7X or Z/9 the quantity is an imped- 
ance and should be so called. 


Early Work of Professor A. S. Popoff. 


N. interesting letter relating to the 
early work of Professor A. S. Popoff 


appears under Correspondence in the: 
issue of The Wireless World for 24th February. 

Readers are probably aware that there 
has been some controversy respecting the 
date when Professor Popoff first demon- 
strated the practical application of wireless. 
to communication by means of the morse 
code. The statement had been published that 
Professor Popoff at a meeting of the Russian 
Physico-Chemical Society demonstrated the 
principle by transmitting by means of wire- 
less the morse letters spelling the words. 
“ Heinrich Hertz,” on the 7th May, 1895. 
A careful investigation has produced from 
Russia the correction, supported by first- 
hand evidence, that this particular experi- 
ment did not take place at the meeting of 
the Society on 7th May, 1895, but nearly a 
year later before the same Society at a 
meeting held on 24th March, 1896. 

In view of the fact that a good deal of 
propaganda has been put out claiming for 
the late Professor Popoff priority in the 
practical demonstration of wireless’ tele- 
graphy, and, since this report has been widely 
published, we think the matter of sufficient 
importance to make this special reference to 
the letter appearing in The Wireless World. 
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Rejectors and Absorbers. 


By Professor G. W. O. Howe, D.Sc. 


EJECTORS and absorbers are gener- 
Rei; regarded as two different devices 

“for excluding from the receiving cir- 
cuits unwanted oscillations of a given fre- 
quency. Such devices are often called 
wave-traps and are used to prevent a near- 
by transmitting station from interfering with 
the reception of a distant station. Not only 
is the receiving system tuned to the distant 
station, but a special device is introduced to 
discriminate very selectively against one 
definite interfering frequency. If there are 
several interfering stations of different fre- 
quencies, then several such devices may be 
employed, each tuned to exclude one of 
the interfering stations. In a draft list of 
definitions recently under discussion, the 
following descriptions were given : 


A bsorber.—An arrangement whereby energy 
received on an unwanted wave-length can 
be withdrawn from the receiving circuits 
otherwise than through the detector. 


Rejector.—A combination of inductance 
and capacity joined in parallel, applied to a 
receiving circuit in such a way that it 
imposes the maximum possible impedance 
to currents of a specific frequency in the 
path in which the rejector is placed, its 
impedance to other frequencies being com- 
paratively small. 


I, R 


Fig. L 


The impression given by these definitions 
is that in the first device the energy is side- 
tracked into the absorbing circuit where it 
is dissipated, whereas in the second device 
the impedance prevents the interfering 
induced E.M.F. from producing any appre- 
<iable current in the aerial. 


[R432.1 


We propose to show that the two devices 
are practically identical, not only in their 
results but also in their mode of operation. 

In Fig. 1 an absorbing circuit is shown 
having inductance L, capacity C, and resis- 
tance R. This circuit is coupled to the 
receiving aerial by means of the two coils 
of self inductance L, and L and mutual 
inductance M. In vector notation we have 
in the aerial circuit 

(1) 


and in the absorbing circuit 


jaLI LIRL joMI, = 
JuC 
or I[R Lj (eL — 1/oC)] = -joMI, 
Tes wMI, i (2) 


— RIEj(el — Tol) 


Substituting this value of J in equation (I) 
we have 
w? M? 
V= [aL de oma hH 


R+j(wL—1/wC 


Ti. w? M2R-jĵu?M? (wL- I/wC) 

= [joka + R?+(wL —1/wC)? ln 
POJ E i NAO 
I, Peer, 


- f 
o Ra (wL aC)? 

The first term represents the effective 
resistance introduced into the aerial by the 
presence of the absorbing circuit; any 
resistance in the coil L, would be added to 
it. The second term represents the effective 
reactance; whether the inductance L, is 
increased or decreased by the presence of 
the absorbing circuit will depend on the 
sign of wL-I/wC, t.e., on whether the 
resonant frequency of the circuit is above 
or below the frequency of the current under 
consideration. If the absorbing circuit is 
tuned to the resonant frequency w/27 then 
wL=1/wC and equation (3) becomes 


T =se -kjeL. ss (9) 


I, 
c? 


wM? (wL —1/wC) | e (3) 
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In this case the presence of the absorbing 
circuit does not affect the apparent induc- 
tance of the primary or aerial Circuit, but 
introduces an equivalent resistance w2M2/R, 
which increases as R is made smaller. Hence 
the presence of a low resistance tuned 
absorbing circuit is equivalent to inserting 
a high resistance in the aerial circuit. This 
equivalent resistance is proportional to the 
square of the mutual inductance. l the 
two coils are similar and are very tightly 
coupled together, L,=L=M, and the 
equivalent resistance becomes w?L2|R. 


Equation (3) can be simplified by intro- 
ducing two symbols, one to represent the 
frequency conditions and the other to 
represent the damping conditions. If Wo 1S 
the resonant angular frequency (2zf.) of 
the absorbing Circuit, then w2CL=1; for 
any other angular frequency w = 2mf we shall 
put w?CL =x, so that x = w/a? = f2/f,2. 
We shall also put y= CR2/L = R2/u,2L2, 
It will be seen that R2/w2L?2 = y/x. If 8 
is the logarithmic decrement of the circuit, 
then v= (é/z)2. 

Equation (3) may now be written 


- rX—I 
E-fako 


Guy I 


R+ jal *—* 
= jol ,+w2M? So a a 
2 Bit lim KEK 
Gu 
, M 

Putting k= VEI for 
co-efficient between the two coils, this may 
be written 


E a a 
J, Jeni te ms pe 


the coupling 


Li iiu | 


xy + (IR a) ] 
EaE— 


o = RIE vas 
I, 


: L x2 
= k2zll — 
JwL,L L [R (I-a) day 


vl e-o 
lao am 
Ly x? \ 
=k?! Ri * a 
L ==. 
> l o A(I—x) 
tol (1-pk = a (5) 
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When tuned to resonance x=I and this 
becomes 


Y peli p(t), , — wll, |. 
oK EG) rien = NIN iaj 
2142 e = 


as already found in equation (4). 

The effective resistance thus introduced 
into the aerial circuit is proportional to the 
square of the coefficient of coupling between 
the two circuits and inversely proportional to 
the actual resistance of the absorbing circuit. 

The power dissipated in the combination 
is equal to the current J 1 multiplied by the 
component of V in phase with it, or to 72 
multiplied by the effective resistance w?M2/R., 
This power is all dissipated in the resistance 
of the absorbing circuit. 

€ now turn to a consideration of the 
so-called rejector circuit. 


EE 


Fig. 2. Fig. 3. 

Fig. 2 shows a rejector circuit consisting 
of a condenser of capacity C in series with 
a resistance R, shunted by an inductance L. 

If V is the P.D. across the combination, 
we have 


Var. (R Sj 
Eze) LJ 


Io E 
R+ Ijac o aL J 


Ku lakt h=] 
I 9a 


e e 


Vo jwkL—w?CLR 
Ir -wCL+juCR 
— W CLR + ju) [L — w? (CL? — C?R?L)) 
= (I — w?CL)? + w2C2R2 
(w?CL)2R 
(1- w?CL)? + w2C2R2 
na L -w?CL (L - CR?) 
tie la~ wiCL)? F atone f 
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CR? . : 
putting w?CL= x and P this may 


be written 


ETa 
+ jok (2) . © 


I- x)? + xy 
If x= 1, 1.e., for resonance, 
ee o, .L 1 uw?L? y 


Very similar equations are obtained with 
the arrangement shown in Fig. 3, where the 
resistance R is in series with the inductance ; 
the final equation for V/I when adjusted to 
resonance is exactly the same. 

It is evident from the foregoing that both 
devices operate in exactly the same way by 
introducing a high effective resistance into 
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the aerial circuit at a given frequency ; 
other things being equal the energy absorbed 
by the circuit is the same in both cases. 
An absorber could just as correctly be called 
a coupled rejector, and a rejector could be 
regarded as a directly connected absorber. 
By making the two coils of the coupled 
absorber identical and coupling them very 
tightly together, one obtains a I/I trans- 
former which can just as well be replaced 
by a single winding, and the absorber thus 
becomes a rejector. 


NOTE.—Equation (5) can be written 

Y =jwL, + wL, k2 . Vaz3y+ jx(1— x) 

l; (1—3)“-p 2y 
This is a very useful form from which to plot 
curves; it contains only the reactance of the 
primary coil and the three variables, k, x, and y. 
If the coupled circuit is removed, k=O and we are 
left with the first term. 


Radio Society’s Annual Dinner. 


Dr. W. H. Eccles presided at the Sixth Annual 
Dinner of the Radio Society of Great Britain 
held again this year at the Waldorf Hotel, 
where the dining hall was filled to its maximum 
capacity. . 


v 


a i 


Some of the company assembled at the Dinner. 


The speakers included Mr. Reith, Earl Russell 
and Commander Carter, of the B.B.C., who, in 
responding to the toasts of the guests, referred to 
the co-operation given by members of the Society 
in the service of broadcasting. 


On the right of Dr. Eccles is Mr. Reith, Earl Russell, 


Mr. Klein and Mr. Fogarty. On his left can be recognised Commander Carter, Mr. McMichael and 
Mr. Maurice Child. Captain S. R. Mullard is seated opposite to Mr. McMichael and Mr, Elwell 
can be seen in the foreground seated opposite to Capt. Mullard. 
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In this case the presence of the absorbing 
circuit does not affect the apparent induc- 
tance of the primary or aerial circuit, but 
introduces an equivalent resistance w2M?/R, 
which increases as R 1s made smaller. Hence 
the presence of a low resistance tuned 
absorbing circuit is equivalent to inserting 
a high resistance in the aerial circuit. This 
equivalent resistance is proportional to the 
square of the mutual inductance. If the 
two coils are similar and are very tightly 
coupled together, L,=L= M, and the 
equivalent resistance becomes w?L2/R. 


Equation (3) can be simplified by intro- 
ducing two symbols, one to represent the 
frequency conditions and the other to 
represent the damping conditions. If wo is 
the resonant angular frequency (2mfo) of 
the absorbing circuit, then w.2CL=1; for 
any other angular frequency w = 27f we shall 
put w?CL =x, so that x = w?/wo? = f?/fo2. 
We shall also put y= CR2/L = R2/w.?L?. 
It will be seen that R?/w?L? = yjx. If à 
is the logarithmic decrement of the circuit, 
then y= (c/7)?. 

Equation (3) may now be written 


[ R jul“ = 


lae 5] 


x 


R + jl” | 


[e] 


, M 
Putting & =J 


co-efficient between the two coils, this may 
be written 


E E 
I, 


= JwL 1 -w?M? 


for the coupling 


V — I R+jwL* | 
— a Els. Stes e atas 
Li je i L xy + ( — x)? | 
F L x2 
— peal! 
rii Ki L (I—x)?+xy 
. x(I — x) ] 
TIO" T aia ay 
— pebi x? 


UR e 
L \(1—x)?+xy/ 


_ 7 [ o «(I—%x) 
ema pg == (5) 
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When tuned to resonance x=I and this 
becomes 


V Li IN . kĉw?LL, 
js a~ JO a ha) em KN 
L a -JwL 


i, A 


as already found in equation (4). 

The effective resistance thus introduced 
into the aerial circuit is proportional to the 
square of the coefficient of coupling between 
the two circuits and inversely proportional to 
the actual resistance of the absorbing circuit. 

The power dissipated in the combination 
is equal to the current 7, multiplied by the 
component of V in phase with it, or to [2 
multiplied by the effective resistance w?.M?/R. 
This power is all dissipated in the resistance 
of the absorbing circuit. 

We now turn to a consideration of the 
so-called rejector circuit. 


| 
| 
i c 
Ic L 
L 
R 
R 
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Fig. 2. Fig. 3. 

Fig. 2 shows a rejector circuit consisting 
of a condenser of capacity C in series with 
a resistance R, shunted by an inductance L. 

If V is the P.D. across the combination, 
we have 


"EZ í kee Penal 
JaC / 
- J= awi ee a ee ae 
PEI IRI INO Tjek 


. I jal I _JæCR+1—%CL 
"Vo jæCR+I jwL  jwL(jwCR--1) 
, V jwL—w?CLR 
"J 1-w?CL+juaCR 
CLR + jw (L—w? (CL? — C?R?L)} 
(I — w2CL)? + w?C?R? 
(w?CL)2R 
= (1 -w2CL)? + w?C?R? 
‘pee 
(I —w?CL)?2 + w?C?R? 
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putting w?CL= x and ce = y, 


be written 


this may 


Vv. x? 
E R 5 Ty) 
(I - x) + xy 
+ job (o re) © 
If x =1, t.e., for resonance, 
A E ey pee a oben 
I y e Ee aL 
Very similar equations are obtained with 
the arrangement shown in Fig. 3, where the 
resistance R is in series with the inductance ; 
the final equation for V/I when adjusted to 
resonance is exactly the same. 
It is evident from the foregoing that both 
devices operate in exactly the same way by 
introducing a high effective resistance into 
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the aerial circuit at a given frequency; 
other things being equal the energy absorbed 
by the circuit is the same in both cases. 
An absorber could just as correctly be called 
a coupled rejector, and a rejector could be 
regarded as a directly connected absorber. 
By making the two coils of the coupled 
absorber identical and coupling them very 
tightly together, one obtains a 1/1 trans- 
former which can just as well be replaced 
by a single winding, and the absorber thus 
becomes a rejector. 


NOTE.—Equation (5) can be written 


LA =jwL,+wLl,hk2 . Vady+ jx(1— x) 
1 


(r—x)?-p xy 
This is a very useful form from which to plot 
curves; it contains only the reactance of the 
primary coil and the three variables, k, x, and y. 
If the coupled circuit is removed, k=O and we are 
left with the first term. 


Radio Society’s Annual Dinner. 


Dr. W. H. Eccles presided at the Sixth Annual 
Dinner of the Radio Society of Great Britain 
held again this year at the Waldorf Hotel, 
where the dining hall was filled to its maximum 
capacity. . 


Some of the company assembled at the Dinner. é 

My. Klein and Mr. Fogarty. On his left can be recognised Commander Carter, Mr. McMichael and 

Mr. Maurice Child. Captain S. R. Mullard is seated opposite to Mr. McMichael and Mr. Elwell 
can be seen in the foreground seated opposite to Capt. Mullard. 


The speakers included Mr. Reith, Earl Russell 
and Commander Carter, of the B.B.C., who, in 
responding to the toasts of the guests, referred to 
the co-operation given by members of the Society 
in the service of broadcasting. 


On the right of Dr. Eccles is Mr. Reith, Earl Russell, 
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H.F. Resistance. 


By P. K. Turner, A.M.LE.E. 


[R240 


The following article has been specially written as an introduction to a series of articles 
by S. Butterworth which are shortly to appear. 


HERE will shortly appear in E.W. & 
W.E. one of the most important 
articles 1t has yet published: a com- 
plete account of the methods to be used in 
designing low-loss coils, in which the (very 
difficult) mathematical work has already 
been done and tables and curves provided 
by which anyone who can do simple algebra 
can design the best possible coil to fulfil 
any given conditions. This article is by 
one who is among the two or three specialists 
in the world who really know the subject 
inside out, and who has spent many years 
on the work. 

But it has been thought advisable to 
have a preliminary article giving a general 
survey of the subject, in order that there 
may be a closer appreciation of just what 
is involved, and I have therefore tried in 
the following notes to give a clear account 
of what is meant by “ H.F. Resistance,” 
particularly in connection with coils. 


Firstly, why has there been so much 
mystery about it? For the simple reason 
that H.F. resistance is not so easy to measure 
as D.C. resistance, nor is it easy to calculate. 


The simplest (though not the most accurate) 
method of measuring D.C. resistance is as 
shown in Fig. 1. We apply a voltage to 
an ammeter in series with the resistance, 
and put a voltmeter across it. Sav the 
voltmeter shows 5.5 and the ammeter .I; 
and suppose that we know already that the 
voltmeter takes .orA at 5.5V. Then the 
resistance takes .o9gA at 5.5V, and its 
resistance is given by 


I Kejo) 


Now suppose we try to do the same thing 
with a coil at radio frequency. We are 
at once confronted with the difficulty that 
the coil has reactance as well as resistance. 
The reactance is given by 


X = oL = 2m/L, 


where L is the inductance in henries 
f is the frequency 


2mf. 

Suppose that L is IoOHH, and (for 
simplicitv) we test at 377 metres, where 
f =795.8kC, which gives w = 5 x I0’. 

Then X =5 x IO$ X 100 X 105 (since L 
is in microhenries) 
= 500 ohms. 


Now such a coil would have actually a 
resistance of about 5 ohms, and the im- 
pedance, which is what we get by dividing 
volts by current, is given by 


Z = 4 Ri-pX? = y 25 + 250 000 = 500.25. 


Theoretically, if we measured Z and knew 
L (and hence X) we could find R. In practice, 
quite a large R makes so little difference in 
Z that the method is impracticable. 


w = 


(A) 


Fig.1. 


Fig. 2. 


But we can avoid that difficulty. Suppose 
we put a condenser with the coil, as in 
Fig. 2, and then measure V and J when 
the circuit is exactly tuned. The definition 
of tuning is that the reactance of C is equal 
in amount to that of L, but negative in sign, 
so that the two cancel out and leave the 
resistance only. Then certainly, if we know 
what current the voltmeter takes, we can 
find R. But—and here comes the dith- 
culty—we are measuring the resistance of 
coil plus condenser, not of the coil alone. 
There is also the point that in measuring this 
“resistance” we are actually measuring 
every source of power loss whatever in the 
coil. As will be shown later, there are 
several such sources of loss, and thev all 
appear as additions to the resistance. This 
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should be seen clearly, and perhaps one 
might digress for a moment into the general 
idea of power loss. | 

If we had a perfect coil, with no resist- 
ance or other losses, and we applied to it 
an alternating voltage as in Fig. 3a, we should 
get in it a current asin Fig. 3b. The current 
is apparently go° behind the voltage. Now 
at any instant the power being delivered 
to the circuit is the product of volts and 
current. Thus during the time I, power is 
delivered, but during the time 2, there is 
a negative voltage and a postfive current 
at any instant, so that negative power is 
being delivered to the coil, or in other words 
the coil itself is delivering power back to 
the supply. It is fairly obvious from Fig. 
3 (and can easily be proved) that during 
time 2 the coil gives back every bit of power 
it took during time I. In fact, averaged 
over a number of cycles, no power at all 
is taken, although both voltage and current 
are there. If, however, there is any resistance, 
or leakage, or dielectric loss—in fact any 
source of power loss at all—there will be a 
component of current which is not exactly 
go° out of phase with the voltage, and power 
will be absorbed. Thus, suppose that a 
piece of solid matter, such as dust, was 
placed between the plates of a condenser, 
and kept charged positively, then every 
time the upper plate was positive this 
object would move towards the lower one, 
and vice versa. It takes power to move an 
object in this way, and if we calculate the 
horse-power we can convert it into watts. 
Now if we have a given current J passing 
through a resistance R, it is known that the 
power W expended is 


W = PR, 


so that the power used in moving our dust 
(being known) can be used in the equation 
; W 
R' = Nr 
(the inverse of the previous one), and we 
can say that the “equivalent resistance ” 
thrown into the circuit by that dust is R’. 
In fact, any source of power absorption can 
be represented by some resistance in series. 
This equivalent resistance may not be the 
same for all frequencies. 
As will be shown later, it is not in fact 
at all difficult to measure the apparent H.F. 
resistance of a circuit containing a coil 
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as its main item. But to make the correct- 
tions for other losses and give a figure 
actually representing the resistance of the 
coil itself is not so easy. 

It is hardly necessary for me to state that 
the resistance is not the same as the D.C. 
resistance—all my readers have got thus 
far; but it might be as well to state that 
it is not the same even as the H.F. resis- 
tance (at the same frequency) of the same : 
wire stretched out straight. 

The next question is, as to whether it is 
possible to calculate the difference; and 
the answer is; Yes—at any rate to a Very 
close approximation, and as regards certain 
forms of power loss. 


Let us try and sort out the various known 
losses: they are five in number, and we 
will deal with each of them in turn. They 
are :— 

(A) The D.C. Resistance. 

(B) The simple Skin Effect. 

(c) The Proximity or Eddy Current Loss. 

A, B and c together constitute the 
“Copper Losses.” 
(D) The Self-capacity Effect. 
(E) The Dielectric Losses. 
(These two are quite distinct.) 


(a) The D.C. Resistance. 


This is, as we all know, an inherent 
property of any wire. It is quite accurately 
known, may be calculated in advance by 
ordinary copper wire tables, and is easily 
measurable to high accuracy. It is inde- 
pendent of frequency. 
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(B) The simple Skin Effect. 

This also is fairly well known by now. 
It may be looked at from two points of view. 
One is to say that alternating current in 
a wire is more or less forced to the surface, 
more and more so as the frequency goes up. 
Another, and in my own opinion a better way, 
is to say that the alternating field set up in 
the wire by the alternating current induces 
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electromotive forces and sets up eddy 
currents in it. These are in the opposite 
direction to the main current in the centre 
of the wire, but return in the same direction 
at the surface, more or less as shown in 
Fig. 4. Hence the total current is increased 
at the surface and diminished at the centre. 
The power losses due to both currents can 
be added together and expressed as an 
increased resistance. 

It will be obvious that this “ Skin Effect ” 
is itself an eddy current loss. 


(c) The Proximity Effect. 

If now we bunch several wires together, 
all carrving currents, then in the substance 
of each wire there will be, in addition to 
the eddy currents set up by its own field, 
another lot set up bv the fields of the other 
wires. An attempt has been made in Fig. 
5 to show the general sort of path followed 


by these, and it will be seen that they are 
in the same direction as the main current 
and “skin effect” currents at one part 
of the surface of the wire, but in the other 
direction at the opposite part of the surface. 
In fact, when several wires carrving current 
act on one another, the currents flow, not 
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only on the surface, but actually in one 
part of the surface only. 

Again, it is found that the power losses 
due to these new eddy currents due to the 
proximity of other wires (hence “ Proximity 
Effect ”) can be calculated separately and 
added on. 


(D) The Self-Capacity Effect. 


As 1s well-known, every coil in practice 
has a certain capacity from turn to turn. 
In other words, some of the current going 
from one end of the coil to the other goes 
via the series of condensers formed by each 
turn and its neighbour. For most purposes 
it has been found permissible to represent 
this by saying that the coil behaves just as 
if it had a small condenser permanently 
connected across it as in Fig. 6. Obviously 
if such a coil is supplied with current from 
without, it is of the nature of a rejector 
circuit, and will offer an increased resistance 
on this account. What is not so clear is 
that this effect exists also if the coil itself 
is the source of voltage. The writer admits 
freely that he himself did not realise this 
till he went into the subject seriously. 


SOURCE 


Fig. 6. Fig. 7. 


Suppose that the coil is coupled to a source, 
as in Fig. 7, and is tuned by C. Then the 
voltage set up in L sends current into C 
and Cs. But we can only get at and measure 
the current in C, so that for all practical 
purposes we must add to the actual resis- 
tance of L enough to bring the current down 
fom J, + J, to 1, only. Calculation 
shows that the correction is just the same 
for Figs. 6 and 7. 


(E) The Dielectric Loss. 


Further, the “condenser” C, is not a 
perfect condenser. Instead of air dielectric 
it may have cotton or silk or enamel and 
wood or ebonite. Hence there are dielectric 
losses, and these also are shown as an 
addition to the resistance of the coil. 

There might be added a sixth section, 
“ Sundry Losses.” But the losses in it are 
not really inherent in the coil, so we will 
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only just mention them. They include 
such matters as eddy current loss in pieces 
of metal near the coil—screws, etc.—and 
possibly dielectric losses between the coil 
and other conductors in the neighbourhood. 
So long as one does not succumb to the 
temptation to mount variable condensers 
within cylindrical coils to save space, these 
losses are not as a rule serious. 

Now, what do we know as to the relative 
importance of these various losses, and 
the way they depend on the design of the 
coil? Quite a lot, really; although until 
now, unfortunately, the work has only 
` been published in the proceedings of learned 
societies, and has not been brought within 
the range of the amateur. How wide- 
spread is the ignorance of the work done, 
even amongst serious workers, was brought 
home to the writer a few weeks ago, when 
reading an article by a quite well-known 
technical journalist in a usually well-in- 
formed contemporary. This author thought 
that the skin effect was known to say I 
per cent. for straight wires; and that the 
proximity effect for single layers might be 
found to Io per cent.; but, after all, we 
know very little about the actual H.F. 
resistance of coils. 

What are the facts? The skin effect 
is certainly known to 1 part in 3000, for 
I have a table giving it to this accuracy. 
It could certainly be worked out more 
accurately still if necessary. The proximity 
effect calculations are more difficult. I 
should estimate that the amount of the effect 
is known to within I or 2 parts in I 000 for 
spaced single-layer coils, 1 1n 300 to 500 for 
spaced multilayer, and I or 14 in I00 for 
close-wound coils. Probably the errors are 
actually less than this estimate. 

The other two losses, which we may call 
the “ capacity losses,” have not been worked 
out so accurately—or at anv rate to my 
knowledge. They both depend on the actual 
self-capacity. If this is known, effect (D) 
—the capacity effect—is known at once with 
complete accuracy. Effect (E) depends on 
the actual material of the coil former and 
insulation of the wire. It could probably 
be estimated quite closely, but only by one 
used to judging the quality of material. 
Luckily, for most conditions (E) is not im- 
portant ; this may surprise some readers ; 
but I will give just two examples :— 
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The first is a standard plug-in coil of well- 
known make. The resistance of a circuit 
containing coil, condenser and leads was 
measured at H.F. The copper losses were 
calculated and corrected for (D) (Capacity 
effect). | 


Result at 540 metres :— 
Observed total loss 2.5. 


Calculated copper loss 2.1, or 84 per 
cent. of total. 


Thus the dielectric losses of the coil 
together with all other losses in the circuit 
(condenser, leads, etc.) amount to only 
16 per cent. of the whole. 

The second example is a “ Daventry ” 
coil of 2 400HH, wound with silk-covered 
wire on a wood and ebonite skeleton. Low 
self-capacity, but no extraordinary pre- 
cautions. 

Resistance measured, as in previous case, 
in probably the best-equipped laboratory 
in the country; 18 ohms for the whole 
circuit. Measured by the writer, after 
allowing for the rest of the circuit, 16 ohms. 
Calculated copper loss, corrected for capacity 
effect; 15 ohms. In this case the losses 
in condenser, etc., were twice the dielectric 
loss in the coil, which latter was only 6 
per cent. of the total. As will be seen later, 
at shorter waves this becomes more important, 
but still the copper losses are the greatest 
except at ultra-short waves. 

Now as to the effect of various points of 
design on these losses. The most important 
point is that, for constant spacing between 
turns, the D.C. and skin losses go down as 
larger wire is used, while the proximity losses 
rapidly go up. Hence there is one diameter 
of wire for each coil which gives minimum 
loss. But frequency is also important. 

Roughly speaking, it may be said that the 
copper losses of a given coil go up with 
frequency, but more slowly than the fre- 
quency itself. But the dielectric losses 
go up faster than the frequency, and at 
very short waves may become quite im- 
portant. But it is a curious point that most 
of the devices recently adopted to get low 
losses — spaced winding especially — have 
reduced the total loss chiefly because they 
have brought down the copper losses ! 

Taking the broadcast wave-lengths as 
a sort of intermediate band of frequencies, 
we are likely to find something like the 
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following for a good modern coil with a 
condenser of .0002 OT .0003 across it :— 
Per cent. of total losses. 


D.C. Resistance .. .. I5 
Skin Effect si se: 35 


Proximity Effect 40 
Total copper losses 90 

Capacity Effect 5 

Dielectric Loss 5 
“Total Capacity Losses .. 10 
| 100 


Since the resistance of a coil varies with 
frequency, and also (as regards the Capacity 
effect) with the proportion between self- 
capacity and external tuning condenser, 
it is obvious that it is not a “ constant” 
of the coil. In fact, the resistance per se is 
not a fair test, for the point that governs 
sharp tuning, etc., is the relation between 
the resistance and the reactance. For this 
reason it is best to judge a coil by its “ power 
factor,” which is approximately equal to 
the resistance divided by the reactance, 
in fact 


,_ R 

7 27 L 
or if we like to put L in microhenries and 
substitute wave-length for frequency, 

Y= RA 

1885L p) 
However, even the power factor is not 
constant. As a rule there is one frequency 
at which the coil has a better power factor 
than at any other, and one might give its 
value at this. But, since coils for wireless 
work are nearly always designed to tune 
with a condenser, 1t is probably best to take, 
as a criterion of quality, the power factor 
measured at such a frequency that some 
definite tuning capacity is required. The 
“writer's choice is a total capacity of .o003HF, 
ancluding the coil's own self-capacity. 

While we are on the subject of H.F. 
resistance, it may be of interest to describe 
the actual details of measuring the H.F. 
resistance of a coil. As is well known, 
there are several methods, and the one I 
propose to describe is selected simply because 
I have found it so convenient and accurate 
in practice that I prefer it to the others. 
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I propose to describe in detail the exact 
way in which a measurement is made 
by myself, saying little about alternative 
methods preferred by others. 

The method used is the well-known one 
of “ Resistance Variation,’ and is based on 
the following simple theory :— 

Suppose a constant voltage V to be applied 
to the two resistances of Fig. 8, and the 
resulting current to be measured. Then 


V=1,(R+R,) 
now suppose that R, is short circuited. 
V = f; R. 


I, being naturally larger than J,. Obviously 
from these two formule, 


IR=I (RR) =1,R+4+7,R, 
or 
R OT, 
R, L-I, 

In terms of H.F. work exactly the same 
applies. The coil L is exactly tuned by 
the condenser C to the H.F. voltage induced 
in it by an oscillator (Fig. 9). The current 
is measured. Then a fixed resistance R, is 
inserted into the circuit, and the current 
again measured. Application of the above 
formula will give the resistance of the 
circuit. 


Fig. S. Fig. 9. 


The author prefers to use a Moullin volt- 
meter (to measure H.F. volts across C) rather 
than the ammeter 4. The reason is a 
simple one: .{4 will actually be a thermo- 
junction connected to a D.C. meter. If the 
junction is a sensitive one, its resistance 
will be high: e.g., a Cambridge vacuo- 
junction to give a visible deflection for 
ImA has several ohms resistance. On 
the other hand, a Moullin voltmeter across 
C will give about ten times the sensitivity 
(for C = about .ooo3uF) and only throw 
in about .I ohm of apparent series resistance. 
It is easy to show that for measuring small 
H.F. resistances the voltmeter gives much 
greater accuracv. 
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The same formula applies, as mav be 
readily seen. Let E be the unknown E.M.F. 
actually set up in L, and V the volts across C. 

Then 


E 
= na. 
== I, 
ONO 
SO E = wC(R ga R,)V; 
and with R, short-circuited 
E = wtRV, 
so RZ Vio 
R, Vo—V | 


Now what are the conditions for accurate 
measurement ? We will state them first, and 
then discuss them. 


(A) R, must be known accurately. 

(B) Vo and V must be measured accurately. 
(c) C must not vary during the test. 

(D) w (t.e. f) must not vary during the test. 
(E) E must not vary during the test. 

(F) R must not vary during the test. 

(A) This sounds simpler than it is; for, 
of course, it is the H.F. resistance of R, 
that is required. .Luckily, the values of 
R, usually needed (from 1 to 30 ohms or so) 
can be obtained by a short straight piece 
of fine wire, such as 47 s.W.G. Eureka, for 


Which the skin effect is negligible at all - 


ordinary radio frequencies. lt is, of course, 
necessary that the insertion of R, shall not 
change the tuning of the circuit. For this 
reason one always uses a link of equal 
length, making it part copper and part 
Eureka, so that the total inductance and 
capacity of the circuit is not changed. 
One takes for R, the difference between 
the all-copper link and the Eureka one. 
I have already described the type I use, and 
reproduce the sketch herewith (Fig. 10). 
(B) This involves the whole matter of 
the Moullin voltmeter. There 1s not space 
in this article to go into a full description 
of my own specimen; but in essence it 
is a valve biased to — 4.5 volts, with 22 volts 
on the anode. The normal anode current 
is IO micro-amps, rising to about 50A for 
2 volts (r.m.s.) of H.F. on the grid, and to 
about 200A for 5 volts. The D.C. meter 
in the plate circuit gives full deflection 
(unshunted) for IOMA, and shunts of 5 to I 
and 20 to I are provided. For reading small 
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voltages, one dry cell is used, with a potentio- 
meter and IO 000 ohms resistance to balance 
out the normal 1ozA and bring the meter 
to zero. It then gives full deflection for 
about a volt; and voltages down to .2 are 
quite accurately readable. 

(c) This is easy, provided, of course, that 
the insertion of R, does not cause any change 
in the total capacity of the circuit. It 1s 
most important that the tuning shall be 
dead accurate as otherwise one is inserting 
reactance as well as resistance. 

(D) and (E) This depends on constancy of 
the source as a first item. If, as usual, 
it is a valve oscillator, try the voltage of 
all batteries before and after the test, for 
if they have fallen at all the results are not 
dependable. 

It is important also to remember that the 
source must be powerful enough to give the 
required voltage in the coil while very 
weakly coupled. It must be remembered 
that the current in the circuit being measured 
changes with R,. This change actually 
affects the coil of the source, and changes 
both its mductance and resistance: this 
in turn may change both the strength and 
the frequency of E. 


Soldered 


Section through centre 


Fig. 10. 


If the source coil and that being measured 
are never nearer than, say, three times the 
greatest dimension of either of them, this 
effect will be negligible. 

(F) There are, of course, various ways 
in which R may change, but the most 
important are in the measuring instruments. 
If a thermo-junction is being used, its re- 
sistance will probably change as J varies. 
If the voltmeter is being used, its apparent 
resistance will change with E if the grid 
ever goes positive. As far as the writer’s 
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tests have gone, his own instrument, with 
44 volts bias, shows no change at all for less 
than 3 volts r.m.s. input. 

Before I describe the actual routine of a 
test, there is one point which is very useful 
if much work is being done; that is the 
possibility of avoiding calculation by getting 
out a curve-sheet. 

Looking at our formula for R, we have 


Fo=Va 

There are thus 4hree variables, R, V,, 
and Vo, which must be allowed for. But 
one has usually a set of fiked H.F. resistors, 
and for each one of these R, is fixed. So 
for each resistor there are two variables, 
V, and Vo. 

But there is nothing to prevent one from 
starting off with a definite Vo in every case 
(I use 3 volts). If we do this, then the only 
remaining variable is V,, and for each 
resistor we can draw a curve of R against 
V,. Actually, one can go farther, for every 
V, corresponds to some definite deflection 
of the instrument in the Moullin voltmeter, 
but since this might change as the valve 
ages, I prefer to have curves of R against 
V,, which are not affected by changes in 
the voltmeter. 


TO 
GALVANOMETER 
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The condenser comes next—always see 
that there is nothing very near the coil 
or between it and the source, as that might 
set up a fictitious resistance. The condenser 
is a large one of good quality. The moving 
plates are earthed to the brass case, which 
is essential for any measurement work. 

Close to the condenser is the valve panel 
of the Moullin voltmeter, the grid terminal 
being connected to the insulated condenser 
terminal by only a few inches of wire (16 
S.W.G. bare wire is used). In the earthed 
side lead from coil to condenser is set the 
holder for the H.F. resistors. 

The usual batteries are of course present, 
though not shown: the galvanometer 
actually in use is of the mirror type, and the 
scale is at the back of the bench. 


The working routine is as follows: The 
galvanometer is shorted at the shunt box, 
and the voltmeter and oscillator valves 
switched on and left for half an hour to 
settle down—actually they change but little 
after ten minutes. Then the oscillator 
anode battery is disconnected while the 
Moullin voltmeter is “ set,” t.e., the batteries 
adjusted till the deflection goes right across 
when unshunted. It is shunted down 20:1, 
and then the source is switched on and L, 


Fig. II. 


Here then in Fig. II is the layout used by 
the writer. On the right is the source, an 
ordinary valve wavemeter with about 60 
volts on the anode. It is mounted on a 
wooden turntable, for reasons which will 
appear later. i 

Two or three feet from it is the coil to 
be tested, mounted in a single-coil holder 
if it is of the plug-in type. It is kept 4 to 
5 inches above the bench by a block of wood 
or paraffin wax. 


and C tuned. The value of E is adjusted 
till the Moullin voltmeter shows roughly 
3 volts (with the copper link in at R,). 
This is done by revolving the turntable : no 
attempt must be made to do it by adjusting 
the source batteries, as this would change 
the tuning. 

Then the balancing potentiometer is 
adjusted till the deflection is just above 
zero. The galvanometer is unshunted, and 
C tuned very accurately. Care must be 
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taken here. It must be remembered that 
the current of say 5pA through the un- 
shunted galvanometer is the resultant of 
perhaps IoOouA anode current and — 95/A 
from the balancing battery. If the 
condenser is handled carelessly and the 
circuit put considerably out of tune, the 
anode current will drop perhaps to 15 or 
20p-1, leaving an unbalanced negative current 
of eight times the proper load on the galvano- 
meter, which may have distressing results. 

On first trying to tune in under these 
conditions, the experimenter will probably 
be surprised at the extraordinary sharpness 
of tuning. Full deflection on the unshunted 
Instrument corresponds to only a few per 
cent. change of anode current, and since in 
a good circuit I per cent. change of capacity 
will -halve the anode current, it will be 
appreciated that one may have to adjust 
the condenser to a tenth of a degree to get 
exact tuning. 

When the tuning is correct, 
first shunt the galvanometer (this 
rule: shunt the galvanometer 
before making any change in 
the circuit, must be observed). 
Then take off the balancing 
voltage and adjust the oscillator 
until the galvanometer reads , 
the exact Vo required. Short- y, 
circuit the galvanometer and 
insert an H.F. resistor instead 
of the copper link; bring the 
shunt to normal value and read 
V,. Repeat with other resistors, 
and note against each the values 
of V,. Actually, of course, one -2 
will read deflections and get the 
values of V, from the calibration 
curves of the Moullin voltmeter. 

Then we get for each value of V, and R, 
a value of R, and we average them. 
Strictly speaking, the average is not exactly 
correct, and one should use the Method of 
Least Squares to find the best possible result ; 
but in practice this is hardly necessary. 

There are one or two alternatives to 
calculating the values of R in each case. 
One obvious one is to plot 1/V, against 
added resistance, as in Fig. 12. Here we 
have taken the case of observed volts and 
resistances given in the table below :— - 

Rows o 
raj 3.0 


ZI 


I.20 
1.8 


2.13 3.73 


I.4 1.0 
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From this table we find 1/V, for each 
value of R,, thus :— 
Ke o I.20 2.13 3.73 
I/V: 0.33 0.55 0.71 1.0 


and the four points of Fig. 12 are plotted. 
They lie well on a straight line, which, 
produced to cut the R scale, does so at 
— 1.85. From this it follows that R, = 1.85. 

A neater and in some ways better method, 
if a fair amount of work is being done, 1s 
that of Fig. 13, for the fundamental idea 
of which the writer is indebted to Mr. W. A. 
Barclay, who applied it, in E.W. & W.E. 
of Dec. 1925, to another purpose. 

Fig. 13 should be got out permanently, 
on a large sheet of paper. The right-hand 
scale is marked in ohms, and should cover 
the largest R, in use and the largest Ro 
likely to be found in the work being done. 
The left-hand scale is divided in reciprocals 
of V,. To set it out, decide on a given 


~1 0 


number of inches or centimetres from the 
point co to the point I— say Z inches. Then 
the point marked 2 is Z/2 from co ; the point 
3 is 2/3, etc. 


This being done, take corresponding values 
of R, and V from the test results, and join 
the corresponding points on the diagram 
by light pencil lines. Al these lines should 
cut one another at the same point, but 
probably (owing to experimental error) they 
will enclose a small polygon. Draw a line 
from o through the centre of this, and it 
will cut the scale of R, at the value of R». 
In this case we have repeated the results 
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used for Fig. 12, with the same result ; 
Ro — 1.85. 

If, however, a really large quantity of 
work is being done, it is probably best to 
get out a dircct-reading curve for each 
resistor. 


The following part-completed table shows 
how points on these curves are found: they 
are then plotted on the same shect, each 
marked with some key-letter which is also 
marked on the corresponding resistor. 


V 
SS p es 
i Vo- Vi 
Vo= 3 
Vi= 29 28 27 . 5 
Vo—V,= o1 0.2 0.3 2.5 
Va 
(R,=1.2) 
Ro= 34-8 16.8 10.8 24 
(R,=1.78) 
Roy = 50 24.9 16.0 356 
etc., etc. 


In this case, of course, one simply 
averages the results of testing a 
given R with several resistors. The 
most accurate measurements are 
made with a value of R, in the 
neighbourhood of half of R. 

Finally, by one method or another, 
we get R, which is the resistance 
of the whole circuit. It remains to 
correct for incidental losses 1n order 
to get at the coil resistance. 

First, as to the measuring appara- 
tus. If this is a thermo-junction, it 
consists of a very fine wire, and 
its H.F. resistance will probably 
be the same as that for D.C., which is easily 
measured. In the case of the Moullin 
voltmeter, the problem is not so simple, 
for in its effect at various frequencies this 
is like a very small capacity of rather bad 
power factor; which means that the equiva- 
lent series resistance thrown in by it will 
vary as either frequency or the total capacity 
in circuit changes. | 

As far as my own tests have gone, it 
appears that this power factor is constant ; 
but the resulting resistance 1s so small that 
it is not easy to measure accurately. If 
this is actually the case (as, in fact, one would 
expect) then, calling R' the equivalent 
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series resistance added to the main circuit 
by the meter, we have 
ŜŜ MA 
R' = Ce 
Where M is a constant of the instrument and 
C the total capacity of the circuit. 

By rigginguptwo voltmeters and accurately 
measuring the resistance of a circuit with 
each while the other is first connected and 
then disconnected, we can find the R' of 
each for given values of A and C. From 
this we get M, and thence can always allow 
for R' when making other tests. 


Fig. 13. 


Similar allowance can be made for the 
loss in a coil-holder, if used. In my own case 
I find that at 377 metres, with the main 
condenser at .ooo3uF, the meter and «he 
coil-holder each throw in about 0.I ohm. 

The general wiring of the test circuit can 
have its D.C. resistance calculated or 
measured, and the H.F. skin effect allowed 
for. In my own case the total resistance is 
of the order of 0.5 ohm at 377 metres (in- 
cluding that of the copper link used as 
dummy resistor). There are, of course, 
losses from radiation and eddy currents 
and dielectric loss in surrounding objects. 
A very rough estimate of these shows that 
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they should be negligible with ordinary 
care. 

Lastly, there is the loss in the main 
condenser. This, unfortunately, cannot be 
measured in any way with the circuit as 
it stands. It can only be obtained (with 
this set-up of apparatus) by substituting 
for it a condenser of known loss, and measure- 
ing the resistance in each case. E.W. & W.E. 
possesses a condenser of which the loss has 
been measured at the N.P.L., and can there- 
fore make this test on any suitable condenser. 
When one such test has been made on any 
(good) condenser, it is known that, to a 
first approximation, its effective series 
resistance is given by the same formula as 
above, with an experimental value for M. 

Hence, if we have the “ M’s”’ for the 
coil-holder, voltmeter, and main condenser, 
We can say 


R' = (M,+M,+M,) A, 


If, as suggested above, all testing is done 
at a standard total capacity, this can be 
simplified still more, to 


Rk’ = Nì, 


where N = M,+M,4M, 
C2 i 


In my own case, the complete correction 
in ohms, including the resistance of leads, is 


,_ 2A 
Ke or + .05 ohms, 


which is very simple. 


As we have already said, the resistance, 
even when corrected for the rest of the 
circuit, is not the pure resistance of the coil 
itself. Before going further, it is necessary 
to know the self-capacity of the coil, and its 
inductance will also be wanted. 
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If one wishes to measure the resistance 
at some definite capacity, one must of course 
know the self-capacity before measuring 
the resistance, so I usually begin by finding 
this and the inductance. This is done 
in the well-known way, by measuring the 
wave-length to which the coil tunes with 
various capacities, which gives both the 
inductance and the self-capacity. This is 
done with the same circuit arrangement 
as already shown. 

If we call the total capacity when the 
resistance was measured Cr, and the self- 
capacity of the coil C, then Co, the capacity 
of the condenser, 1s connected with the other 
two by 

Cr = C; -+ Cy, 


and if the measured resistance corrected 
for the rest of the circuit is R’, the resistance 
of the coil apart from self-capacity etfects is 
= (Co)? p 
| R: \ C.) R. 

It is true that in any circuit in which the 
coil is used, this self-capacity effect will be 
there and must be reckoned with. But 
obviously it will vary with the amount of 
capacity in use, so we must find R, and 
correct it for each case. 

Finally, if we want to arrive at an opinion 
of the coil's merit, we should find the power 
factor. Assuming that we have found L, 
the inductance (in microhenries), and know 
the wave-length A at which the resistance 
test was made, we have 

RA 
1885L 

Working at the wave-length given bv 
Cr = 0.000 3uF, a first-rate low-loss coil 
may give y= 0.004. A rather bad coil 
might have 4 as high as 0.03: the worst 
I have yet measured gave 0.05. 
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Part II. 


Alternating Current Measurements. 
H ITHERTO we have devoted the whole 


of our attention to currents which flow 

steadily in one direction only. When 
we come to apply Ohm's Law to “alter- 
nating currents” which are constantly 
changing their strength and direction, a 
number of complications arise: we must 
therefore consider this new aspect. 


Theory. 


In a circuit in which an alternating current 
is flowing, both the current in the circuit 
and the voltage across any portion of it are 
varving in a definite manner. Such varia- 
tions may occur in an infinite number of 
wavs, but the simplest type, and the one 
to which we shall confine our attention, is 
said to be “ simple harmonic” or of “ sine 
wave form.” When the voltage across any 
part of a circuit carrying such a current is 
examined from instant to instant it is found 
that, at a certain time, it is zero. The vol- 
tage then increases to a maximum, or “' peak” 
value, Eo, after which it decreases to zero 
again. It does not stop here, however, but 
increases in the opposite or negative direc- 
tion, attaining a maximum negative value 
of E, and again decreasing to zero. This 
cycle of changes is repeated at a definite 
frequency, n, each repetition being of 
exactly the same form and executed in 
precisely the same time. 
A simple harmonic voltage such as this 
can be represented very conveniently by 
the graph of Fig. 17 and may be expressed 
by the equation :— 
V= E sin2mmt a cae (7) 
where V =voltage at any instant, 
E,=maximum, or “ peak,” voltage 
(called the “amplitude” of 
the voltage equation), 

n =number of cycles per second, or 
“frequency,” 

t =time that has elapsed since the 
commencement of the cycle. 


and 


When an alternating voltage is applied to a 
resistance we have, from Ohm's Law, 
1= V/R and from equation 7— 


E G : 
1 = — Sin2nnt siu 10 
z (8) 
where 1=current at any instant, 
and R=resistance. 


Thus the current is alternating and simple 
harmonic in form like the voltage. 

In a general way we are not interested 
in the peak values of current or voltage nor 
in their values at any particular instant. 
A voltmeter or ammeter of the tvpe we 
have so far considered will not give any 
indication when included in an alternating 
current circuit, because the voltage and 


ate 


TIME 


VOLTAGE 


Fig. 17. 


current are as often in one direction as the 
other, the net effect being that the instru- 
ment cannot follow the changes fast enough 
and, therefore, registers their algebraical 
mean, zero. If, however, instruments of 
the “ hot-wire ” type are used (one or two 
other types are also applicable), then the 
case is different because the heating in a 
wire is independent of the direction of the 
current in the wire and is, therefore, effected 
by alternating as by direct current. Since 
these instruments utilise the heating effect 
of the current, and this is proportional to 
the square of the current, they will measure 
the square root of the current squared at 
any time. With alternating currents, they 
will measure the square root of the average 
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square of the current, since the latter is 
constantly varying, and the same applies 
equally well to the measurement of alter- 
nating voltages. This measured quantity 
is called the “root mean square” or 
“virtual” value and is usually abbreviated 
to“ R.M.S.” 

We may state any alternating current or 
voltage in three wavs, for we can give either 
the peak, R.M.S. or the average value. In 
the case of the currents we are considering, 
however, these values are easily convertible 
one to the other, for— 


R.M.S. value =o.707 x peak value, 
Average value =0.637 x peak value. 


In applving Ohm's Law to alternating 
currents there are several complications. 

Direct currents are resisted or “ impeded ” 
only by “resistance ”—the property of a 
conductor which results in the absorption 
of energy by conversion into heat. We 
have this property to consider in relation 
to alternating currents, too, and we call it 
“ohmic resistance.” But we have two 
other factors which impede an alternating 
current. 

Firstly, a coiled wire, by reason of its 
magnetic properties when bearing a current, 
opposes any change in the current through 
it. This opposition when defined scientifi- 
cally is called the “inductance” of the 
wire, and at a given frequency, n, it behaves 
like a resistance of 2mnL ohms, where L 
expresses the inductance in henries. 

Secondly, a condenser, of course, will not 
allow a direct current to pass through it, 
but if an alternating voltage is applied to it, 
the charging of one side of the condenser 
causes a similar charge to be repelled from 
the other side and a current appears to pass 
through it. Thus, in its ability virtually to 
conduct an alternating current, a condenser 
behaves like a conductor having a resistance 
of I/27nC ohms, where C expresses the 
capacity in farads. 

When a circuit contains both inductance 
and capacity the two together have a com- 
bined impeding effect, or “ reactance,’ X 
ohms, such that— 


I 
== 2nnC xe W) 


Every practical circuit, however, possesses 
ohmic resistance in addition, and the 


145 


March, 1926 


combined impeding effect of inductance, capa- 
city and ohmic resistance is called the 
“ impedance ” of the circuit. If Z expresses 
this impedance in ohms, then :— 


Z =] Re (sm — To) 


Now, at last, we are able to apply Ohm's 
Law to any circuit, with the result that :— 


E 
I= z’ 
| E 
les J2 peso E . (II) 
NR zanl- 1 


where I and E are expressed in R.M.S., 
average or peak values. 

The term “alternating current ” may be 
applied to any frequency, but is usually 
reserved for frequencies below about 100 
cycles. A current whose frequency is 
between 100 cvcles and 10,000 cycles is said 
to be of “audio” or “telephonic” frequency. 
A frequency greater than 10,000, or there- 
abouts, is said to be of “radio” or “high” 
frequency. For the moment, we shall con- 
fine ourselves to a consideration of the 
measurements associated with low fre- 
quency alternating currents and shall reserve 
those appertaining to the higher frequencies 
for subsequent treatment. 

Our fundamental instrument, the micro- 
ammeter, which has enabled us, so far, to 
make all kinds of D.C. measurements, is 
not applicable directly to the measurement 
of alternating currents. It is convenient 
to show, first of all, how it may be adapted 
to measure A.C. voltages. 


Measurement of Alternating Voltages. 


The Diode Voltmeter. 


The following method, described more 
fully elsewhere,* has recently been developed 
for the measurement of alternating voltages 
over about ten volts. It can, however, 
be used with success down to two or 
three volts. Theoretically, at least, there 
is no upper limit to the voltages with which 
it will deal, and it is applicable both to low 
and high frequencies. The following is the 
general principle :— 

Let us suppose that we are provided with 


a») 


* Taylor, Journ. Scientific Instruments (1925). 
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a resistance R, of the order of one megohm, 
connected in series with the microammeter. 
If a direct voltage is applied to this com- 
bination the meter will show a current of 
about IuA for every volt applied. If, on 
the other hand, the voltage is alternating 
the instrument will show nothing at all, 
for the pointer cannot respond to the rapid 
alternations. Let us suppose, however, that 
the high resistance will allow a current to 
pass through it im one direction only. If an 
alternating current is mow applied to the 
resistance and microammeter, a current will 
flow only when the voltage is in the con- 
ducting direction. In other words, for 
exactly one-half of each cycle the resistance 
is infinite and for the other half it is about 
one megohm. Thus the meter will indicate 
a current of about IuA for every two volts 
applied, as shown by the relation 


I=}. K . (12) 


where V is the average voltage (arith- 
metical) of the A.C. applied. Further, if 
the A.C. voltage were replaced by a D.C. 
voltage applied in the conducting direction, 
it is obvious from Ohm's Law that the 
current registered would be given by the 
relation J=VR. 

Thus, if our hypothetical “ unilateral ” 
resistance could be obtained, we should have 
a voltmeter which would measure alter- 
nating voltages as the voltmeter shown in 
Fig. 13 measured direct voltages. A further 
great advantage would be that the volt- 
meter could be calibrated by direct current, 
for, if the resistance were made so that the 
microammeter gave two divisions per volt 
on D.C., then its readings would be one 
division per volt (average volts) for A.C. 
Now, the R.M.S. value of an A.C. voltage 
bears a constant ratio to the average value 
for a simple harmonic wave-form, so, by 
suitable adjustment of R, the instrument 
could be made to give R.M.S. values 
directly. 

Thanks to the thermionic valve, the 
“unilateral “ high resistance can, to a large 
extent, be realised, for we can obtain our 
theoretical ideal fairly accurately by con- 
necting an ordinary high resistance R in 
series with a diode V (e.g., an ordinary triode 
valve with grid connected to its plate). 
This arrangement is shown in Fig. IS, 
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where the voltage to be measured is applied 
across the terminals T, and T}. Asa rule, 
a small current is indicated even when T, 
and T, are short-circuited. This is due to 
the pressure of the electrons given off by 
the filament and may be suppressed entirely 


T 


T? 
Fig. 18. 


if the slight complication shown in Fig. 
Iọ(a) is made and the potentiometer is 
adjusted with T, and T, shorted until the 
current is reduced to zero. An even simpler 
method is to obtain the required potential 
directly from the filament lighting battery, 
Fig. 19(d). 

If the resistance R is high, then the 
variation of the resistance of the valve is 
negligibly small compared with it and the 
instrument has a “ straight-line calibration.” 
The lower limit for linear calibration is 
reached when R becomes so small that the 
resistance of the valve which, of course, 


Fig. 19. 


does not obey Ohm's Law, is no longer 
negligible. The A.C. voltage scale is linear, 
however, down to a voltage of about ten 
and the D.C.-to-A.C. ratio is almost con- 
stant down to as low a voltage as two or 
three volts. 

An “A.C. Voltage Converter,” made in. 
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accordance with the above principles, is 
shown in the photograph of Fig. 20 and the 
diagram of Fig. 21. A “ V-24” valve is 
used by reason of its compactness, but it 
must be emphasised that the instrument is 
practically independent of the type of valve 
used. Whether it be an “R” valve, dull- 


Pip, 40, 


emitter or power valve makes little difference 
when R (Fig. 18) is a megohm or more. 
We recommend, however, that this and 
other instruments to be described be adapted 
for a filament voltage supply of six volts. 
A six-volt accumulator is to be found in the 
equipment of almost every experimenter 
and we suggest that it should be wired up 
to several wall-plugs on the “ wireless” 
bench. Each of the instruments, whether 
voltmeter, oscillator or what not, can then be 
“plugged-in ” without delay by equipping 
them witha permanent twin lead and suitable 
plugs. 

In the present instrument, a resistance, 


Fig. 21. 


R, is included in the filament circuit, both 
to limit the current through the valve and 
to counteract the effect of the electron 
pressure. This resistance is wound with 
No. 26 p.c.c. Eureka wire, and is adjusted 
until, with the input terminals short- 
circuited, the reading of the microammeter 
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connected to the “hooks?” X and Y 


(Fig. 21) is just reduced to zero. 

For high voltage ranges where it is a 
megohm or more, the high resistance, R, 
is rather a problem. It must be constant 
in value and both expense and space pro- 
hibit a wire-wound resistance. Whilst a 
really constant high resistance is difficult 
to make, it is still more difficult to obtain 
such a high resistance which shall be both 
constant and of an accurately pre-deter- 
mined value. We have, therefore, com- 
promised by using grid-leaks and “ anode 
resistances ” of the cartridge type and have 
found them fairly constant in value, for, of 
course, the current through them is never 
more than 


eee Soe x aL E R i S 
p £. |~R.M.S. 
range of the (R) | Volts. | Volts. 
instrument A Io a 
v) (=2.22v) 
can be changed | | | 
very easily by | 
clipping-in a | 115.0 | a275 26.1 
resistance of | 1972 to ob 
97.0 10.0 22.2 
another value. | 86.4 9.0 20.0 
In the instru- | 754 8.0 17.8 
ment shown | 2 ele Lie 15.5 
: S 4 | O | 13.3 
in the photo 41.0 | 5.0 | WE: 
graph the clips _ 305 | 4.0 8.9 
are made to 20.8 3.0 6.7 
take either a 15.5 2.5 56 | 
grid-leakoran — 77° F t4 
; 7-3 1.5 33 
anode Tesis- 3.8 1.0 2.2 
tance. The 1.1 0.5 1.1 
latter was in | kt. 
use when the Fig. 22. 
photograph . 
was taken. The nominal values of these 


resistances cannot be taken as correct and so 
it is always necessary to calibrate the instru- 
ment with its own special resistance. 

To perform this calibration, a gradually 
increasing D.C. voltage, in the conducting 
direction, is applied to the instrument from 
a battery whose voltage has previously been 
measured in the manner already described 
(Fig. 13). The reading, R, of the micro- 
ammeter, corresponding to each voltage V, 
is noted and the results are tabulated as 
shown in the table of Fig. 22. Now, the 
R.M.S. A.C. voltage that produces a given 
current through the microammeter is 2.22 
times greater than the D.C. voltage that 
produces this effect. Thus, the third column 
of Fig. 22 is obtained by multiplying the 
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figures in the second column by the factor 
2.22. Finally, the first and third columns 
are plotted as a graph, as shown in Fig. 23. 

It may not be out of place to mention 
here that in drawing graphs it is a recognised 
convention that the cause of the change be 
shown along the horizontal and the effect 


CURRENT IN MICROAMPERES 


16 20 24 28 
~ VOLTS RMS 


Fig. 23. 


of the change along the vertical axis. Thus 
in this case the voltage is horizontal and the 
current vertical. It would save much con- 
fusion if this convention were followed 
invariably by all writers. 

The graph of Fig. 23 is the calibration- 
curve of the instrument and, in the ordinary 
way, we should have to refer to this curve 
every time the voltmeter is used. This 
very cumbersome procedure can however 
be avoided by a very simple alternative, 
an alternative which can be adopted in any 


Fig. 24. 


case where the microammeter scale is not 
“ direct-reading.” Cut out a piece of stout 
paste-board to fit the glass-covered opening 
of the microammeter case, shaping it so 
that only the scale of the instrument is 
covered. Then mark upon this card the 
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A.C. voltages (column 3, Fig. 22) corre- 
sponding to the various currents (column 1) 
as indicated upon the instrument scale. 
An example of the result is shown in Fig. 24. 
This plan of making supplementary scales 
for the microammeter can be applied without 
loss of accuracy to any instrument having 
a “ parallax ” mirror and it avoids entirely 
the tiresome reference to a calibration 
curve which is otherwise necessary. 


The “ Slide-Back” Method. 


No consideration of A.C. voltage measure- 
ment would be complete without some 
reference to the “slide-back” method.* 
Although the method actually measures the 
peak value of the voltage, this value, for 
currents of simple harmonic wave-form, bears 
a constant relationship to the R.M.S. value, 
and can thus readily be calculated. Further, 
the method can be applied both to low 
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frequency and to high frequency measure- 

ments. Its principle is shown in the circuit 
of Fig. 25. 

The circuit consists simply 

of a triode valve, a galvano- 

meter G, and battery B,, 

in the anode circuit and a 

potentiometer P and battery 

B, used for varying the grid 

potential. The latter is 

measured by the voltmeter V. 


The measurement of a 
peak voltage involves two 
operations : Firstly, with ter- 

minals T, and T, shorted, the negative bias 
upon the grid is increased by means of the 
potentiometer until the anode current, as 
shown by G, is ĵust reduced to zero. The 


* Radio Review (1921), (2303). 
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grid bias V,, required to do this, is noted. 
Secondly, the link between T, and T, is 
removed and the A.C. voltage to be measured 
is applied to these terminals. An anode 
current is again indicated by the galvano- 
meter and the potentiometer is again adjusted 
until the current in the anode circuit is just 
reduced to zero. If the reading of the volt- 
meter is now V, the peak value of the A.C. 
voltage is V,—V,. The R.M.S. value is, 
of course, 0.707 x (V,—V,,J. 


L~ 


T, 


T2 


Fig. 26. 


In our present position, with only one 
measuring instrument, we must make the 
latter serve both as the voltmeter V and 
as the galvanometer G, and this can be 
effected by the experimental arrangement 
shown in Fig. 26, where B, is the filament 
heating battery, B, the anode battery and 
B, the potentiometer battery across the 
ends of the potentiometer P. The latter 
mav be one of the many circular potentio- 
meters upon the market having a resistance 
of 300 to 400 ohms. R is the 10,000 ohm 
Tesistance (Fig. 9), and one side of the 
. change-over switch (Fig. 7) is used as 


the single-pole double-throw switch, abc. ` 


Whether the microammeter is shunted or 
not depends upon the peak voltage to be 
measured. 

The slide-back method has its limitations. 
It requires three batteries of which B, 
must have an E.M.F. larger than the peak 
voltage to be measured. Reference to the 
characteristic curve of a triode valve will 
show another disadvantage; the curve 
flattens out so very much as it approaches 
the voltage axis that it is difficult to tell 
the voltage at which the anode current has 
really been suppressed. Notwithstanding 
these drawbacks, however, the slide-back 
method can be of great service, particularly 
in the measurement of small voltages. 
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The Moullin Voltmeter. 


In considering the diode voltmeter des- 
cribed above, we saw how the “ unilateral 
conductivity ” of the anode-filament path 
could be applied to measure alternating 
voltages. When such voltages are small, 
however, we can obtain very much greater 
sensitivity by using a triode valve and apply- 
ing the voltages between grid and filament. 

There are two ways in which alternating 
voltages between grid and filament may cause 
corresponding changes in the mean con- 
ductivity of the anode-filament circuit. 
These methods are known respectively as 
“anode rectification ” and “leaky grid ” 
rectification, and both have been applied 
very successfully by Moullin to our present 
problem. 

The Leaky Grid Type.—The circuit for 
this form of Moullin voltmeter is shown in 
Fig. 27. The A.C. voltage to be measured 
is applied to the terminals T, and T, and, 
owing to the unilateral conductivity of the 
grid-filament circuit, the grid becomes pro- 
gressively more and more negative, with 
the result that the plate current, as shown 
by the measuring instrument M, is corres- 
pondingly reduced. It is inherent in the 
method that a certain amount of energy 


Fig. 27. 


must be withdrawn from the input circuit. 
This method is more sensitive than that 
dependent upon anode rectification : sensi- 
tivity is, however, generally required when 
the energy abstracted can least be spared. 
For this reason this type of Moullin volt- 
meter will not be described at great length. 

The Anode Rectification Type.—This type 
is shown in Fig. 28 and, as before, the 
voltage is applied between the terminals 
T, and 7,. A battery B, is provided, 
however, of such a value that, when T, 
and T, are short-circuited, the anode current 
shown by M is nearly zero. If now the link 
between T, and T, is withdrawn and an 
A.C. voltage is applied in its place, every 
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positive impulse upon the grid causes a 
big increase in the anode current through M 
but every negative impulse causes a com- 
paratively small decrease in the normal 
current. Thus the A.C. voltage can be 
measured by the increase in the reading 
of M. : 

Two conditions are essential to the satis- 
factory application of this method:— 

1. There must be a conducting path 
between 7, and T, to convey the bias from 
B, to the grid. This condition is almost 
invariably complied with in wireless measure- 
ments. (When it is impossible to do this 
we are forced to use the “ leaky grid ” type). 

2. The value of B, must be greater than 
the peak value of the highest voltage to be 
measured. If this condition is observed 
then the voltmeter exerts very little effect 
upon the circuit to which it is applied, for 
the grid is never allowed to become positive 
and grid current is never allowed to flow. 
The small amount of energy that is absorbed 
may be reduced still further by connecting 
a condenser C,, of fairly large value, say, 
.003mF, across the battery and measuring 
instrument. 


Fig. 28. 


In designing a practical form of Moullin 
voltmeter, we shall assume that the charac- 
teristics of the valve itself remain constant. 
It will be observed that the instrument 
depends for its constancy of calibration 
upon the constancy of the three batteries 
used respectively, for biasing the grid, 
heating the filament and furnishing the anode 
current. The uncertainty due to these 
three variables may, however, be very 
largely removed by using the circuit shown 
in Fig. 29. Here V is a valve requiring 
2 volts to heat its filament and B, is a 
6-volt accumulator, whose voltage is not 
subject to considerable variations. Thus, 
when R is adjusted so that the filament of 
V is properly heated, the lower end of R 
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is four volts more negative than the negative 
end of the filament. This potential is trans- 
ferred as an automatic grid bias by the 
metallic connection between T, and T.. 


Fig. 29. 


It is this grid bias that fixes the upper limit 
of the A.C. voltage that can be measured. 
Under the above circumstances, its peak 
value must not exceed four volts, or, in 
other words, its R.M.S. value must not 
exceed 40.707, say, 2.8 volts. 

The only other variable quantity affecting 
the calibration of the voltmeter is the anode 
voltage. Seeing that we require the greatest 
possible sensitivity at low A.C. voltages, the 
anode potential must be so chosen that we 
are working from the point on the grid 
voltage-anode current curve at which the 
maximum change of curvature occurs. With 
a certain valve this point was found to 
correspond to an anode current of 8A. 
The anode voltage was decided, therefore, 
by short-circuiting T, and T, and varying 


the H.T. battery until a current of 8yuA 


was shown. Thus 84A corresponded to zero 
A.C. volts and the H.T. battery was used 
as a kind of “ zero adjustment.” 

The instrument may be made very con- 
veniently as an attachment for the micro- 


Fig. 30. 


ammeter, and can then take the form 
shown in the photograph Fig. 30, of which 
Fig. 31 is the circuit diagram. The ebonite 
baseboard, measuring 54 in. X 4 in. X -È in., 
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is provided with six terminals—for batteries 
and input respectively-and two slotted 
brass strips by which it is connected to the 
microammeter. The valve used in this 


+ VOLTS 


Fig. 31. 


actual instrument is the “D.E.V.” Al- 
though really intended for 3 volts, it works 
quite satisfactorily on 2 volts and is then, 
of course, very unlikely to change or “ burn 
out.” It is probable that the “ D.E.O.” 
valve would be still more suitable as it is 
especially made for “ anode rectification.” 


BRITISH WIRELESS EXPORTS. 


During 1925 the British wireless industry 
exported goods to the value of £1,335,087, 
according to interesting figures given in 
The Wireless Trader, which justly remarks 
that a total annual figure of one and a third 
millions is one that an industry scarcely 
three years old can view with satisfaction. 

The highest figures relate to Japan, to 
which goods were exported to a value of 
over {200,000. Australia purchased an 
almost equal quantity. European countries 
appearing high in the list are Holland, 
Spain, Italy and Denmark. 
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The resistance R is wound upon the small 
bobbin shown in Fig. 30» and consists of 
about 4 yds. of No. 30 S.W.G. D.c.c. “ Eureka” 
wire. Its exact length is not critical and is 
determined in the following manner: Con- 
nect the filament of the valve in series with 
the microammeter, shunted for o-I.2A, 
and a 2-volt accumulator, and measure the 
current. Then connect the meter in series 
with a 4-volt accumulator and about 5 yds. 
of the above resistance wire. Finally, 
shorten the resistance wire until the current 
through the meter is the same as before. 
When the resistance and valve are mounted 
in series in the instrument and six volts are 
applied to them, there. will be a drop of 
4 volts across the resistance and 2 volts 
across the filament. 


The Moullin voltmeter, unlike the Taylor 
diode voltmeter, has no simple proportion- 
ality between its A.C. and D.C. calibration. 
In the next article, therefore, we shall show 
several methods of affecting this calibration. 


BINDING CASE AND INDEX. 


Binding cases and indexes are now ready 
for the volumes of E.W. & W.E. and The 
Wireless World, completed in December 
last. 

For E.W. & W.E. the index (separate) 
is 7d. post free; binding case (separate) 
3/3 post free, or 3/9 post 
free. 

The cost of binding case and index for 
The Wireless World is 2/10 post free. These 
are obtainable from the publishers, Iliffe 
& Sons, Ltd., Dorset House, Tudor Street, 
London, E.C.4. 
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A LECTURE delivered by N. W. McLACHLAN, D.Sc., M.I.E.E., before the 
Radio Society of Great Britain, on 27th January, 1926. 


for dealing with the subject of loud- 

speakers. About eighteen months ago 
I had three loud-speakers of the horn type 
and their musical performance seemed so 
unsatisfactory that I thought it was about 
time we tried to get something better. 
In general the question of loud-speakers 
is more one of design and utilising known 
principles than of trying to get some 
entirely novel instrument working, say, 
on a new effect. You have first to get the 
effect before you can design the apparatus. 
Sometimes you are lucky and you discover 
a new effect and can apply it. So far as 
loud-speakers are concerned, up to the 
present there are no new effects that one 
can employ, so that it is necessary to exercise 
one’s ingenuity and design something out 
of known principles. The subject of loud- 
speakers is now so wide that it would take 
a course of twelve lectures to cover the whole 
of the ground, Therefore, the only thing 
I can do is to touch on the more salient 
points. 

When I say that a diaphragm loud-speaker 
is better than a horn loud-speaker, there 
are some who may not agree, but there are 
scientific reasons for such a statement. 
Apart from scientific reasons, one has only 
to hear the two types of loud-speaker side 
by side to appreciate the difference. Of 
course, the amplifier plavs a very important 
part in the procedure and in designing loud- 
speakers I have always endeavoured to do 
so in such a manner that in the average 
broadcast transmission—I do not mean a 
landline transmission—the input to the loud- 
speaker is, as far as possible, uniform at all 
frequencies. 

The prime mover of the diaphragm loud- 
speaker is in general a vibrating reed which 
is polarised by a permanent magnet. If we 
take the diaphragm type of loud-speaker 
and assume that a reed or something working 
on the same principle is used, the reed is 
a tuned system which has got a definite 
resonance frequency, and unless something 


| HAVE a very definite reason, I think, 


is added which makes the system aperiodic 
there is going to be resonance, and in general, 
if sufficient damping is added to get aperio- 
dicity, the result is a loss in intensity. In 
fact, the intensity is so weak that the loud- 
speaker is of little account. 

It is not possible to eliminate entirely 
the resonance of the reed, and a certain 
amount of acoustic colouration must be 
tolerated. 

Now we come to the diaphragm. It 


does not matter what diaphragm is used, 


there will be resonance. It will have, 
in general, a fundamental frequency of 
vibration, although it may not necessarily 
be very pronounced. This will be accom- 
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panied by a series of overtones which may 
be two, three, four or five times the frequencv. 
They may not be exactly three or four times, 
or any even number, it may be 1.78, for 
instance, and that makes the resonance 
more complicated. The diaphragm, there- 
fore, is another resonance system and if 
you pitch the resonance of the diaphragm 
lower down than the reed another curve is 
obtained. (See Fig. 1.) 

Then, if we consider the fundamental 
vibrations for a moment, when the diaphragm 
is actuated by a reed, there is a composite 
vibrating system as with two tuned circuits 
tightly coupled. When two electrical cir- 
cuits are closely coupled, the resonance 
curve has two distinct humps, and that is 
approximately the condition which obtains 
in a loud-speaker. Taking a rough curve 
of response and frequency for any diaphragm 
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type of loud-speaker, we get the result shown 
in Fig. 2. 

We have omitted the overtones of the 
diaphragm and the reed. The effect of 
these 1s to superimpose little ripples on the 
main curves and the result is a composite 
curve in which there are a series of resonances. 
There is no use in attempting to evade the 
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Fig. 2. 


fact that the system has resonances, although 
some listeners will say the reproduction 
is perfect, we know quite well that it 
Is not. If you listen carefully, resonances 
or acoustic colouration can be detected. 
If you cannot detect them, then make it 
loud enough and you will. When the 
resonance occurs in the bass range—7o to 
200 cvcles—there will be an indistinctness, 
since the damping of the lower frequencies 
is less than that of the higher frequencies. 

The essence of the argument is as follows : 
When using tunable pieces of apparatus, 
such as reeds and diaphragms, the result 
is a composite curve with resonances and 
with a characteristic which shows a cut 
oft at the bottom and at the top of the 
acoustic register. In other words part of 
the notes in the lower register and part 
of the notes in the upper register are cut 
off. If the lower register is full the 
upper register suffers, and vice versa. 
Therefore it is essential to compromise and 
strike the resonance in such a position 
that an average is secured. Although the 
resonance is still there it is sometimes 
dithcult to detect unless a standard of 
comparison is available in which resonance 
is almost entirely absent. 

Now let us consider the effect of the size of 
the diaphragm. If we imagine the diaphragm 
to be freely supported at the edge, as in the 
case of the small cone shown in Fig. 3, 
it is not easy to predict the performance 
immediately from theory, but when you 
have conducted a series of experiments 
you know exactly what will happen. There 
is going to be no bass, and the reason is 
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two-fold. If there were no cone at all, 
the excursion of the reed would never exceed 
a certain amount, t.e., the motion is limited. 
It is obviously determined by the design 
of the movement and the thickness of the 
reed. If a small cone is used the reed is 
underloaded, and since the excursions at 
low frequencies are limited and, further- 
more, since the projected area is very small, 
the amount of air displaced is also small. 
Thus the low frequencies are cut off.. If 
the size of the cone is gradually increased 
there is a greater purchase on the air and 
a greater intensity at low frequencies. ln 
other words the impedance of the cone is 
matched to the impedance of the reed, 
so that the low frequencies are radiated. 
When the vibrations of the reed are communi- 
cated to the cone, they travel down it with a 
definite velocity. Consider a cone 12 
inches in projected diameter at a low fre- 
quency. The velocity of propagation down 
the cone (which is tolerably stiff), is so high 
compared with the frequency that practically 
the whole cone can be considered to move 
simultaneously. At high frequencies, when 
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the to-and-fro motion of the reed is very 
rapid compared with the velocity of propa- 
gation, the disturbance travels down the 
cone with a definite velocitv. The result 
is a phrase difference between the motion 
of the points O and P in Fig. 4. Therefore 
at high frequencies with a large cone, in 
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all probability, the vortex will be moving 
in one direction, whilst the periphery 
will be moving in the opposite direction. 
Work is being done on the air in two 
opposite directions and there is a re- 
duction in output. Then, again, there is a 
transmission loss ; due to the energy being 
transmitted down the cone; and the higher 
the frequency the greater the loss. There 
are clearly three reasons for the cut off at 
high frequencies, first, the tunability of the 
reed; second, the fact that the velocity 
of propagation down the cone is relatively 
low, and third, the large attenuation loss due 
to energy being propagated down the cone. 

Now we come to the bass register. I have 
indicated that a large cone is required, 
but what should be the size? That can 
only be determined by experiment. From 
I2 to IŜ inches is a good size. Suppose 
a very large cone is used it will have a large 
inertia and a large proportion of available 
energy will be expended in pushing it back- 
wards and forwards. There will be too 
much energy radiated at low frequencies 
and too little at the high frequencies. Thus 
1t is essential to limit the diameter of the 
cone in order to get an adequate upper 
register. 

If the cone could be replaced by a disc 
of sufficient stiffness, t.e., suppose we could 
find a piece of paper a thousand times as 
stiff as a piece of notepaper and put it 
into the form of a disc, 12 to 15 inches 
in diameter, with a reed on it, it would 
act quite well. It is only a question of 
stiffness and of obtaining a high ratio of 
elasticity to mass. This means a large 
velocity of propagation and the higher 
the velocity of propagation the greater the 
portion of the disc which moves at the high 
frequencies. 

There is another aspect of the question 
relating to the lower frequencies. In 1868, 
the late Lord Rayleigh carried out an 
extremely interesting experiment in which 
he showed that by preventing the circula- 
tion of air betwcen the two sides of a vibrat- 
ing tuning fork the sound from the fork was 
increased in intensity (see Fig. 5). Professor 
Stokes carried out a series of mathematical 
researches which he applied to various 
problems and the late Lord Rayleigh’s 
experiments were based on the investigations 
of the late Professor Stokes. 
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Professor Stokes calculated, in connection 
with middle C on the piano, that if the air 
in front of the wire moved in a thin strip, 
t.e., if there was no lateral motion at all, 
and the motion of the air were entirely in 
the plane of the wire, the energy of the 
unaided wire would be 40,000 times as great 
as it actually is. That shows the great 
effect of preventing lateral motion of the 
air. You have an example of that in 
a bell where the inside and the outside 
will be at a different pressure and if the 
circulation of air is prevented the radiation 
from the bell will be increased. 

Referring again to Fig. 5, suppose one 
prong of the fork is moving toward B, 
the pressure of the air at B will be increased 
above the normal atmospheric pressure, and 
clearly the pressure at A will be decreased. 
We have, therefore, at two points in the air, 
which are very near together, a quite definite 
difference of pressure, with the consequence 
that air flows from B to A. What Lord 

Ravleigh did was to 
put a sheet of card- 
board in such a 
i . position as to pre- 
vent the circulation 


BAFFLES and he found that 
the intensity of the 
sound from the 
tuning fork was 

Fig. 5. enhanced. This 


principle has been 
incorporated in modern loud-speakers of the 
diaphragm type by Siemens and Halske in 
Germany, the General Electric Co.in America, 
and I have done the same in this country. 

There is another way of obtaining the 
same result. It is not necessary to have a 
large baffle, since a box can be used. 

Fig. 6 shows the principle of preventing 
lateral motion of the air between two sides 
of a diaphragm, applied to a cone loud- 
speaker. The reed is connected rigidly to 
the point of the cone. The cone is sup- 
ported by rubber or, as I prefer, cloth. As 
a matter of fact, I use stockinette because it 
is good and stretches. It does not matter 
whether wood or cardboard is used for the 
baffle, although cardboard is useful for 
experimental purposes. The effect, there- 
fore, is to enhance the amount of sound 
radiated, but it ıs most pronounced in the 
bass, and the reason is very simple. Consider 
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a pressure wave travelling round from the 
back to the front of a conical diaphragm 
(Fig. 7), it travels, of course, at the velocity 
of a pressure wave of air of the velocity of 
sound, 1,100 ft. per second. Consider the 
cone to be moving very rapidly. If it moves 


Fig. 6. | 


forward a positive pressure is created and, 
of course, the pressure wave immediately 
Starts travelling round to the back. If the 
frequency is very high the cone has moved 
backwards and created a negative pressure 


wave before the pressure wave from the 


front has had time to get round to the back. 
Therefore, at high frequencies, the effect of 
preventing circulation of the air is small. 
At a low frequency of vibration you can 
quite see that the velocity with which the 
air travels round is very considerable com- 
pared with the movement of the diaphragm 
and therefore the prevention of lateral 
motion enhances the radiation in a remark- 
able degree. The larger the baffle the greater 
the radiation on the very low tones. 

The next point I wish to discuss is the 
distribution of sound from a diaphragm. It 
is well known that a horn focuses sound. 
Take a horn loud-speaker into the open, and 
walk roundit. Theintensity is much greater 
in front than at the side, and very much 
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weaker at the back. The same result is 
obtained in a somewhat modified degree 
with any cone type of loud-speaker. 
Suppose we consider a cone as shown in 
Fig. 8 moving backwards and forwards in 
accordance with speech and musical fre- 
quencies. We will assume that the air 
cannot get round to the back. We can 
imagine that the cone is built into a hole in 
the wall, so that the radiation from the two 
sides are quite separate. When the cone 
moves forward, in the absence of lateral 
motion of the air, there would be a cylindrical 
column set into vibration. There would be 
a beam effect, and anyone situated at the 
point P would hear nothing, but, fortunately 
in practice, the air spreads out laterally. If 
you walk round it, when a note of 100 cycles is 
sounded, the intensity will be tolerably 
uniform all the way round, t.e., if you walk 
round in a semi-circle. That is due to the 
air spreading out comparatively uniformly 
at low frequencies. But suppose the fre- 
quency is raised to 2,000 per second, what 
happens then? The cone moves backwards 
and forwards 2,000 times per second. There 
is lateral movement of the air but the 
motion of the cone is so rapid that the air 
has little time to spread out before the cone 
is moving in the opposite direction. There- 
fore the sound is projected out in the form 
of a beam. The radiation at various fre- 
quencies is portrayed roughly in Fig. 9. 
As a matter of fact, in an actual room you 
will find that the quality of the sound varies 
as you go round the loud-speaker, because 
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Fig. 7. Fig. 8. 


at the side very many of the high tones have 
disappeared, but at the front they are felt 
in full force. With a cone loud-speaker in 
the open, where there are no reflections, the 
beam effect is more pronounced. 

The next point is the amplifier. Loud- 
speakers should be designed to work on a 
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circuit giving as far as possible uniform ampli- 
fication. The audio-frequency amplifier I use 
has a practically uniform scale, and that, I 
think, is the thing to be aimed at, but there 
are conditions, such as distant listening, which 
have to be considered. If, for example, at 
Chelmsford three tuned anode circuits are 
used the effect is to cut off the high fre- 
quencies. Under this condition it is a great 
advantage to have 
a transformer in the 
amplifier designed 
to yield a rising 
characteristic in the 
upper frequencies 
and to that end I 
have utilised leakage 
Which is sometimes 
regarded as an un- 
desirable quality in 
a transformer.* 

In many cases the 
high frequencies are 
not regained by the 
transformer and one 
has to be careful not 
to give judgment on 
a loud-speaker until the complete amplifier 
curve is known. 

The next point to be considered is the 
loudness level. If we listen to an orchestra 
or a military band, and we are very near to 
it, the radiation is intense. One's ears get 
saturated ; the effect is not exactly com- 
fortable. At a short distance away one 
begins to resolve the band into its component 
instruments, so to speak, and you get a 
certain degree of loudness. You will notice 
that if you are comfortably near a band, you 
find the low tones are quite powerful.. The 
energy, in music or speech, is carried in the 
low tones, and if you walk away from the 
band the low tones appear to get less and 
less. They get gradually less until finally, 
when you are IOO Or 200 yards away, they 
are relatively weak. The human car is 
more sensitive to frequencies in the upper 
register than in the lower register as indi- 
cated by the curve of Fig. 10. For equal 
threshold audibility the pressure on the ear 
is 50 times as great at 100 cycles as it 1s at 
1,000 cycles, and that is a very important 
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*Sce N. W. McLachlan, W Selesi World anā Radio 
Review, 13th, 2oth, 27th January, 1920. 
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thing. In an ordinary household loud- 
speaker vou have to expect a certain reduc- 
tion in the bass register due to the reduction 
in the natural loudness of the music. On 
the other hand, when we come to human 
speech, we know that a man cannot speak 
as loud as an orchestra, hence the intensity 
is relatively small. In the reproduction the 
ratio of the strength of a man speaking to 
that of an orchestra is, however, very much 
greater than it should be, t.e., the orchestra 
ought to be very much louder than the man 
speaking in order to get a natural loudness. 
Therefore, on a good loud-speaker, when 
someone is speaking, you ought to get a good 
natural reproduction. Now, when you take 
the human voice and amplify it, even with 
an amplifier which is distortionless, what 
happens? The low tones become exaggerated 
and you get pressure wave distortion in the air. 

I want now to speak with regard to the 
loud-speaker which I propose to demonstrate. 
There are one or two historical details about 
it to which I will refer first. In 1898, Sir 
Oliver Lodge took out a patent and Fig. 11 
is taken from his patent specification. He 
used a bar magnet, and the circuit is com- 
pleted outside. In the annular space is 
suspended a coil. If a current of speech 
frequency traverses the coil, the latter will 
move up and down. Sir Oliver Lodge 
brought out a loud-speaker apparatus func- 
tioning in this manner. The principle has 
been applied to the Magnavox loud-speaker. 

The photographs of Figs. 12 and 13 show 
my modern adaptation of that principle. 
It is the apparatus I have on the table. 
We have a magnet with a central pin, in 
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the same way as before, the magnet being 
energised by a coil as in the Magnavox. 
In this case the magnetising current is 
obtained from the 200-volt supply because it 
is more convenient. When this loud-speaker 
is carried about from place to place, a 
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magnetising coil is used which can be ener- 
gised from a 6-volt battery. The moving 
coil is fixed to a paper cone. The paper is 
fairly stiff and is treated with aeroplane 
dope to render it weatherproof. The cone 
1s supported at its periphery by stockinette 
merely to prevent 
it getting away. 
Rubber could also 
be used, but it is 
objectionable, 
especially in the 
tropics. The photo- 
graphs show the 
operating unit of 
the loud-speaker. 
The cradle part of 
the apparatus which 
slides into the runners can clearly be seen. 
The box performs two functions. In the 
first place, it is a receptable for the cradle, 
and secondly, it acts as a baffle. The door 
at the back can be open or shut. Generally, 
for household work, it is necessary to have 
the door at the back slightly open, otherwise 
box resonance occurs. For public address 
purposes it is essential that the radiation 
from the diaphragm should not get back to 


Fig. 12. 


the microphone, and therefore it is advisable 
to design the loud-speaker to give a partial 
beam effect, not a very pronounced effect, 
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but sufficient to prevent the speaker reacting 
back on the microphone and causing a howl. 
In this case the rear of the box can be closed. 
A front view of the instrument is shown in 
Fig. 14. 


Fig. 13. 


There is a hinged door with a large 
nickelled fine-mesh copper gauze window 
in front of the conical diaphragm. This 
serves to protect the diaphragm when the 
loud-speaker is used out of doors. For 
indoor work the cradle portion, complete 
with diaphragm, is removed from the box 
and placed in the felted runners on the top 
of the box. To prevent circulation of the 
air between the two sides of the diaphragm 
a large board or baffle of multi-ply wood 
is fixed on the four studs at the rront of the 
box, the result being as shown in Fig. 15. 
This baffle is 3 ft. 61ns. square, the hole 
being about Io ins. in diameter. With this 
arrangement the radiation is greater since 
the rear of the diaphragm contributes its 
quota as well as the front. The distribution 
of the radiation at the higher frequencies is 
however quite different at the two sides of 
the diaphragm, since one side is concave 
whilst the other is convex. Also, the box 
and the magnet and cradle cause acoustic 
shadows. This is however of little moment 
since the reflections from the boundaries of 
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the room tend to equalise matters. In 
another form, the cradle and diaphragm 
unit of Fig. 13 can be mounted on a wall 
bracket (corner or otherwise) and a suitable 


Fig. 14. 


ornamental screen or baffle of curtain or 
other material mounted at the front. 

There is no opportunity here to enter 
into the details of design, but it is of interest 
to note that the coil drive is much more 
amenable to calculation than the reed type. 
The proper proportions to secure uniform 
radiation at all frequencies are determined 
by calculation and by experiment. The 
mechanical and commercial aspects must of 
course be taken into account. For example, 
excessively small or excessively large dia- 
phragms are clearly ruled out, apart from 
acoustic reasons. The smaller a diaphragm, 
the greater the amplitude and the greater 
the strain on the supporting ring at the edge. 
The larger the diaphragm, the more cumber- 
some is the apparatus. 

The output for any given diaphragm is 
determined by the mass and L/R of the coil, 
the output transformer and the impedance 
of the power valve (or valves in parallel). 
By suitable design I have found it possible 
to obtain an overpowering bass or an over- 
powering treble register. It is desirable, 
of course, to work midway between these 
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extremes. If the value of L'R is relatively 
large the valve impedance low, and the 
output transformer primary of adequate 
inductance (low resistance) the bass will be 
very pronounced. In the extreme case of 
zero resistance of valves transformer and 
coil when stationary, the only resistance 
would be that due to motion of the coil in 
the magnetic field. Since for given radiated 
power the amplitude increases approxi- 
mately inversely as the square of the fre- 
quency, the resistance is greatest at low 
frequencies. In general, however, with a 
diaphragm of reasonable size* this resistance 
is of such a value that for equal grid voltages 
on the power valve at all frequencies the 
current through the moving coil decreases 
with increase in frequency due to the 
reactance wL being greater than R (except 
at very low frequencies). Thus the bass 
register is very prominent. By inserting a 
suitable resistance in the coil circuit the 
current can be made tolerably equal at all 
frequencies thus giving a fairly uniform 
output. 


Fig. 15. 


The chief feature of this instrument is 
the absence of resonating components. The 
paper cone has, naturally, a fundamental 
frequency with its accompanying series of 


*The motional resistance obviously increases as 
the diameter of the diaphragm decreases, since the 
latter has to move farther for the same power output. 
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overtones. These, however, are of little 
account and do not detract seriously trom 
the faithfulness of the reproduction. 


Demonstration. 


A demonstration was then given of the coil- 
driven cone loud-speaker on the table. The 
experiments conducted were as follows :— 


(1) Orchestra at normal strength with 
uniform input at all frequencies. 

(2) The same at an intensity greater than 
the original. 

(3) No. 1 at reduced intensity showing the 
bass to be relatively weaker. 

(4) The human voice at natural loudness. 

(5) The human voice at the same loudness 
as the orchestra in No. I, showing pressure 
wave distortion. 

(6) The effect of cutting off the tones below 
500 cycles, and for comparison the result of 
re-inserting them by means of a switch, thus 
giving a quick change over. 


STEP DOWN , 
RATIO 20:1 
J 


FLEXIBLE 
SUPPORT 


LLS5A VALVES 
IN PARALLEL 


BAFFLE 


120V 


(7) The effect of reducing the high tones 
thus making the letter 5 sound like F. 

(8) The effect of incieasing the impedance 
of the power valve, thereby reducing the 
low tones. 

(9) The partial beam effect when the 
diaphragm is used within the box, as in 
Fig. 14. 

(10) The apparatus 
operate under normal conditions giving 
natural loudness level. When the baffle was 
removed the low tones were reduced in a 
remarkable degree. 


The orchestra during the test did not have 
any pronounced tones as in the usual studio 
transmissions where drums and double 


was arranged to 
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bass are used. The diagram of connections, 
minus the devices* used for items (6) and (7), 
is given in Fig. 16. 

The lecturer stated that the intensity 
obtainable is well in excess of that obtained 
in the lecture demonstration and, using 
eight LS5A valves with 400 volts high 
tension, speech is quite distinct at 100 yards. 
There is no trace of resonance even with this 


intensity. 
In conclusion, the lecturer thanked 
Mr. Child for assistance in erecting the 


apparatus; the Chloride Electrical Storage 
Co., for kindly supplying the accumulators ; 
Messrs. McMichael for the detector unit; 
and the Marconi Co. for allowing him to 
demonstrate the instrument. 


DISCUSSION, 


Dr. R. L. Smith Rose, who opened the discussion, 
said: I was very pleased to come here to-night and 
listen to the paper, which Dr. McLachlan has de- 
livered in his usual breezy style. He has made 
this popular subject very interesting, and it does 
seem to one who is not intimately in contact with 
loud-speaker development that we are getting down 
to an understanding of the scientific principles 
upon which loud-speakers should be designed and 
constructed ; that being so, I am sure that we 
shall make progress much more rapidly than has 
hitherto been possible by the hit-and-miss methods 
of the past. It is interesting to learn that all the 
principles underlying the development of the loud- 
speaker were discovered and enunciated many 
years ago, even before the days when wireless 
became a practical proposition. For, as I under- 
stand it, this instrument is merely a development 
of a former device, patented many years ago by 
Sir Oliver Lodge, combined with the application 
of certain acoustical laws discovered even before 
that time. Another point that has impressed me 
is the question of obtaining uniform amplification. 
We have heard a lot about distortionless amplifiers 
and the construction of transformers which have 
uniform frequency-amplification characteristics, and 
the struggle there is to get a transformer which will 
amplify the low tones to the same extent as the 
high tones. In the demonstrations we have been ` 
shown an amplifier, which not only gives uniform 
amplification, but will also give a characteristic 
of practically any shape that one requires to give 
better reproduction, 1.e., either the upper or lower 
end of the musical scale can be exaggerated to 
correct for some defect elsewhere in the system. 
This shows that Dr. McLachlan has a very compre- 
hensive grasp of the principles of amplification, 
and that he has this amplifier completely under 
his control throughout the whole range of audible 
frequency. I should like to know how these 
amplification characteristics are obtained at the 
lower end of the frequency scale, because it 15 so 
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difficult to make measurements by audibility 
methods at the lower frequencies (e.g., below 250 
cycles per second). 


Mr. H. Bevan Swift: I think this has been a 
most interesting and practical lecture, and there 
are one or two points which I should like to raise. 
The first is that Dr. McLachlan spoke about the 
bass tones disappearing first. I do not know 
whether you have ever heard a band in the distance, 
but I have always noticed that it is the bass drum 
which is heard first, which seems to show that it 
is the low tones which come through first. The 
other feature is the cone loud-speaker, and I am 
thoroughly in agreement with what Dr. McLachlan 
has said about this, because I have had one for 
about two years, and it has given the most wonderful 
results. Years ago, when broadcasting was first 
Started, we had a great many straight-horn loud- 
speakers of a well-known make, but they were 
not designed or suitable for broadcasting reception, 
and I used to put mine inside a sideboard cupboard 
to make it bearable. This little paper cone loud- 
speaker, however, has been a revelation to me. It 
was made from the A type Brown earpiece, with a 
IO-in. paper cone fashioned out of ordinary car- 
tridge drawing paper fixed by a smail screw in the 
centre to the reed. There is one thing in the 
paper, however, on which I rather differ from 
Dr. McLachlan. In the aluminium cone used in 
the Brown earpiece there will be found a small 
ridge running all the way round the edge, and I 
repeated that in the paper cone because I found 
it was not practicable to fix the edge of the dia- 
phragm direct to the board used, which was ¥-in. 
three-ply board. This little ridge gives the cone 
a certain amount of elasticity, enabling it to 
respond to the vibrations rather better. I notice 
that Dr. McLachlan uses an edging of stockinette, 
but I would be rather doubtful of the lasting 
quality of this material. I do not know whether 
the author has considered one point, and can give 
us his ideas on it: I mean the question of the 
weathering effect on the paper. I was rather 
interested to hear that Dr. McLachlan has used 
aeroplane dope on it. I tried using cellulose 
varnish, but it utterly spoiled the tone, and I had 
to take the paper cone out and put in a new one. 
We never got such good results as when we just 
left the bare cartridge paper, The usual minute 
screw in the Brown reed is removed and the hole 
tapped out for a ro B.A. screw, and we fixed the 
apex of the cone over this with a little drop of 
Seccotine, which we found better than sealing 
wax, which a good many people have used and 
which is liable to crack. 


Mr. P. G. A. H. Voigt: A little while ago I opened 
The Wireless World and observed in it some dia- 
grams and an article by Dr. McLachlan, and now 
we have a lecture by the same gentleman. 
I had not time to read the article then, but, after 
what I have heard to-night, I am going to. I have 
been working on the subject of loud-speakers for 
rather longer than Dr. McLachlan, but not quite 
so fasto I started well over two years ago, but 
when one does not put in all one's time on one 
particular subject, one is apt to go slow, especially 
as the results I got at first were somewhat dis- 
ccuraging. l came to the conclusion, that the 
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ordinary loud-speaker fails 6n low tones, for the 
very simple reason that the diaphragm or reed is 
incapable of moving over a big enough distance to 
reproduce these tones satisfactorily, and, like most 
other people at that time, I considered that the 
horn, with all its attendant overtones, etc., was in 
every way objectionable, and to be avoided at all 
costs. Therefore I worked on similar lines to 
those adopted by Dr. McLachlan, and developed 
a loud-speaker in which there was no reed and no 
horn. I used a moving coil system, without a 
reed, hung on bits of silk. From what I have 
heard of Dr. McLachlan's loud-speaker this evening, 
I should be inclined to think that the one he con- 
structed does not get right down to the very 
lowest bass, because the diaphragm is incapable 
of moving freely. Dr. McLachlan did not tell us 
whether his moving coil is supported on some reed 
system or not, but I should be interested to hear. 
With my reproducer I could get down to such a 
low note that I could see the diaphragm move, and 
count how many times per second it moved, and 
I could also get well up the scale. Dr. McLachlan 
mentioned the time taken for a pressure to reach 
the edge of a diaphragm after it had started from 
the centre. I considered this matter, and came 
to the conclusion that, when a big force is applied 
to the point of a cone, it will crush and so I developed 
a new type of diaphragm which I thought would 
be stronger, stiffer and possibly less resonant. I 
calculated my resonance to be above 5,000 cycles, 
and made an experimental one, but a more awful 
noise you never heard. lts resonance came some- 
where about 2,300. It was made of aluminium, 
fairly thin, but it rattled, and the quality I got 
was tinny. The corresponding aluminium cone 
has resonance at 1,800, which is much more marked, 
therefore my diaphragm had some advantages 
over the cone, but the quality I got was exceedingly 
tinny; in fact, it was so bad that I more or less 
dropped it. As a microphone however the thing 
gave good quality. Later a microphone was 
developed to give equal electric power for equal 
sound power, t.e., the sound pressure and voltage 
output relation was to be constant. Compared 
with the B.B.C., it sounded as if there was a big 
condenser across my circuit somewhere, but I got 
an extraordinarily natural result. I looked for 
anvthing that might give this effect, but eventually 
came to the conclusion that it was the B.B.C. 
sending out on an “ audibility'” basis which tilted 
the whole tone scale upwards. Now to put this 
right, on all their outside broadcasts I use an 
additional note magnifier with a 250uF con- 
denser across the primary. I now get such a 
natural ettect from an ordinary loud-speaker that 
you can almost imagine someone standing and 
speaking where the loud-speaker is. There is a 

naturalness which I had never previously heard 
from the horn type of loud-speaker ; with my own 
microphone, or the B.B.C. corrected, the quality 
I get from my experimental loud-speaker, if you 
ignore the rattles, is almost perfect. I should like 
to ask the author what is the o of his loud- 
speaker? I have found that the fact that the air 
do not go ott in a beam reduces the efficiency of 
low notes on a loud-speaker like the author's very 
considerablv. This may be prevented by using a 
horn or distributor which will allow the air to expand 
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slightly without expanding so much that there is 
loss of pressure. The only thing is that a horn of 
that sort is extremely unwieldy. I have calcu- 
lated that the efficiency of such an instrument 
can be made about 40 per cent. If I ever give 
a demonstration with it as successful as Dr. 
McLachlan's to-night, I shall be very pleased. 


Mr. A, E, Bawtree: I should like to thank the 
lecturer for an exceedingly instructive and inter- 
esting address, and for the very fine demonstration 
which he has given us. There is one technical 
point which I missed, although Dr. McLachlan 
explained it, and that is the way he tuned in order 
to emphasise or reduce the S's. If he would not 
mind explaining that again I should be extremely 
obliged. I am afraid I cannot agree with Dr. 
McLachlan and others who have spoken with regard 
to the point that the cone loud-speaker is superior 
to the horn type. I have carried on researches in 
connection with the phonograph for about eight 
years, and with loud-speakers for three years, 
and my opinion is decidedly the other way: that 
the reproduction from the best horn loud-speakers 
is far and away better than any I have ever heard 
from a cone loud-speaker. I do not consider that 
the reproduction from the cone loud-speaker is by 
any means equal to that obtained from the horn 
loud-speaker which I had the honour to describe 
before this Society last month.* There is another 
point, apart from the actual quality, and that is 
that there is a curious psychological difference 
between the two types of instrument. Our ears 
seem to possess very minute powers for determining 
the distance at which a sound is from us. I have 
noticed that I can tell, when two children are 
plaving on the lawn outside the house, which of 
the two voices is the nearer, although they may 
only be a yard or two apart, and we have that 
power of determining the distance of sound. lt 
is all right to use a cone loud- -speaker in a hall of 
this size, but in a private room it would produce 
the very unpleasant sensation of bringing the person 
speaking, for instance, a great deal too near. On 
the other hand, in the horn type of instrument 
which I described, you cannot possibly get within 
II feet of the source of the sound, and then you 
have a more correct sense of perspective, and it 
increases the sense of naturalness. 


Captain L. F. Plugge : I think it is very inter- 
esting to watch progress; and with regard to wire- 
less, progress in the field of loud-speaker construc- 
tion has been specially interesting to follow. A 
couple of „years ago we had a lecturer here who 
spoke on “ Perfect Reproduction.” I was looking 
back in my scrap-book at some of the facts men- 
tioned during discussion at that meeting and I 
remember that the lecturer of that meeting uttered 
the following sentence : 


“A horn adds efhciency to a loud-speaker.’’ 


I took part in the discussion and expressed my 
disagreement with the lecturer in regard to his 
Statement, strongly urging the necessity for investi- 
gating the diaphragm loud-speaker, which at that 
time had received very little attention in this 
country. As I mentioned, two years have elapsed, 


* R.S.G.B. Informal Meeting. 
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` 
and we are now listening to a very interesting 
lecture entirely about the diaphragm loud-speaker, 
and we can realise the enormous progress that has 
been made during these years with regard to the 
type I had advocated. What is especially inter- 
esting in the lecture to-night is the very clear way 
in which the lecturer has shown us the fundamental 
points involved. From these we can now see 
which direction we have got to travel on for further 
progress. 

I do not think there is anybody here who would 
care to say that the horn adds to efficiency. We 
have heard from the lecturer to-night that one of 
the main difficulties with the diaphragm loud- 
speaker he has submitted is that of the slow speed 
of propagation of sound along the diaphragm 
owing to the fact that one is obliged to communi- 
cate motion at one point only. Direction of 
further progress is therefore clear. We have to 
work in order to get a diaphragm loud-speaker to 
which we can communicate vibration all over the 
surface of the diaphragm at the same time. It 
may be, in this connection, interesting to mention 
that such a loud-speaker has been evolved in 
Switzerland and I had the advantage of seeing it 
and testing it a year ago when visiting Zurich. 
The rights have been sold to a British firm and it 
is now sold in Great Britain under the name of 
the Stataphone. The principle of this loud-speaker, 
which is also a diaphragm type, is new. The dia- 
phragm is one side of a condenser and the sound 
is produced by the strain which the dielectric 
undergoes owing to the variation of potential on 
the plates. Five hundred volts were necessary on 
the Swiss instrument, but in the British replica 
this has been reduced to two hundred. It was 
necessary to make this reduction in order to be 
able to place the instrument in the hands of the 
public. The use of a condenser loud-speaker also 
enables the use of a plane diaphragm. We have 
heard from the lecturer to-night that a diaphragm 
which is a plane would be theoretically the best. 
With the ordinary type of diaphragm loud-speaker 
it is necessary to increase the moment of inertia 
of the section in order to make it rigid. This is 
done by building the diaphragm in shape of a 
cone or by pleating it, as in certain types of well- 
known diaphragm loud-speakers. In the case of 
the condenser loud-speaker, the diclectric which 
is in mica forms the vibrating diaphragm. It is 
of a fairly large section and consequently it is 
possible owing to this fact to maintain it in the 
shape of a plane and yet keep it rigid. It can be 
seen that with this type of loud- -speaker, the sound 
vibration is communicated simultaneously to all 
the points of the diaphragm and furthermore the 
change from the electrical field into the acoustic 
field takes place without any mechanical device 
such as a reed, which we have heard to-night, 
introduces an independent resonance system. I 
feel that it is in this direction that further progress 
will be made and I would be pleased if the lecturer 
could throw some further light on this new 
development. 


Mr. E. C. Garton: There is one question I should 
like to ask. When the lecturer was demonstrating 
the effect of unnatural loudness in the voice, it 
occurred to me that this was caused, not so much 
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by a general increase of the low lones, as by reson- 
ance on one particular low note, probably below the 
middle C. Can the author agree that that is the 
fact, and, if not, what is the cause ? There is one 
other point. Will he tell us the type of valve he is 
using in his last stage? It struck me as being 
very free from grid current distortion if it is an 
ordinary valve. 


Dr. McLachlan, replying to the discussion, said : 
Dr. Smith Rose has asked about variable amplifiers, 
but I think that matter has been discussed in the last 
three issues of The Wireless World." Mr. E.C. Cork 
of the Marconi Co. has taken measurements down to 
about 200 cycles, and there was no sign of the ampli- 
fication falling off. I have made measurements of 
the permeability of the iron in transformers, from 
Which it is possible to calculate the inductance, and 
it is a comparatively simple matter, if the induct- 
ance and the impedance of the valve are krown, to 
find where the transformer begins seriously to cut 
off. With a low impedance valve like the DE5, 
calculation shows that the amplification begins to 
fall off at about 35 cycles per second. At 35 cycles 
it is' about 95 per cent. of the value on the 
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horizontal portion. If you want to cut off the 
high tones you can very easily do so by means of 
a condenser across the primary of the transformer. 
If you put a .oo3uwuF condenser across the primary 
of one of my special 2 to 1 transformers, the amplifi- 
cation is practically uniform throughout the scale. 
So far as measurement of amplification below 200 
cycles is concerned the circuit shown in Fig. 17 may 
be useful. V, is associated with T, the transformer 
under test, whose secondary voltage is amplified by 
one or more valves V, and passed on to the rectifier 
V;. By a switching arrangement the point A is 
connected to the grid of V, and then B is connected 
to the grid of V, so that V, is out of commission. 
The point A is adjusted until equal deflections are 
secured on J in both cases. The joint amplifica- 
tion of V, and T is clearly the ratio BC/AC. The 
switching must be arranged so that the filament, 
H.T. and grid bias conditions of the valves remain 
unaltered. 

Mr. Bevan Swift raised the question of hearing the 
drum first. I quite agree with him. If you have 
sufficient energy on the low tones you will always 
hear them first, but I think you will agree that the 
drummer in a regimental band on the march hits 


= Speech Amplifier Design,” N. W. McLachlan, 
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the drum very hard in order that it may be heard 
all along the line. If you listen to a broadcast 
transmission, you will find that unless the ampli- 
fication is uniform down to the lower frequencies 
the drum is not heard properly. In listening toa 
drum one has to be quite sure that it is the funda- 
mental of the drum which is audible. Low tones 
are very often perceived by the overtones and not 
by the fundamental. The point is that we ought 
to hear the fundamental in proper proportion to 
the overtones. 

It is easy to conduct an experiment when a band 
is playing by closing one’s ears with the fingers. The 
low tone instruments will almost disappear (see Fig. 
10) provided of course one is not too near the band. 
Mr. Bevan Swift raised the question of the edge of 
the diaphragm. I can quite believe what he said. 
The point is that if you rigidly fix it you immediately 
prevent free motion. By having the edge free, you 
immediately remove the constraint and the motion 
of the cone is not restricted at low frequencies 
(except by the reed) and you get no resonance effect 
from the member to which it is fixed. He will 
see that in all cases I have mentioned this evening 
the edges of the cones are “' free,” i.e., the con- 
straint axially is small. As to the lasting qualities 
of the stockinette, I cannot say, but from experience 
in the tropics I should say that it will last much 
better than rubber, but I must give rubber its due. 
I have had some of these rubber-edged cones a long 
time and they are as good as ever. How long they 
will last, however, I do not know. I tried celluloid 
amyl-acetate varnish and exposed it to snow, sleet 
and rain together with cones treated with aeroplane 
dope. The aeroplane dope seemed to be better 
and gave every satisfaction. Mr. Voigt has made 
a number of apparently contradictory statements 
about low tones, but I do not follow him when he 
says that the reed type of diaphragm cannot give 
low tones. It all depends how low the tones are. 
If you take about 30 cycles, I agree, but if you take 
70 or 100, I do not agree. In general, compared 
with a coil drive system, which I have here, you 
certainly cannot get the low tones to nearly the 
same extent with a reed. That is obvious from 
what I said in the lecture. If you want the whole 
gamut of low tones, a coil drive is imperative. 
That is a theoretical deduction which has been 
confirmed by experiment. On the question of 
whether we get down to the low tones with this 
instrument, we get too much of them sometimes, 
but the orchestra during the demonstration did 
not have any pronounced low tones (chiefly jazz- 
music). 

If Mr. Voigt reads the paper he will find his 
statement that the diaphragm cannot move freely 
is a pure fiction. The whole point of the design is 
the free motion of the diaphragm. 

During the afternoon transmission of the organ 
from the Capitol Theatre the low tones were so 
powerful that the floor of the lecture theatre 
vibrated considerably. Mr. Voigt will perhaps 
appreciate that there are occasions when the very 
low tones are absent from the transmission, €.g., 
certain classes of orchestra, the violin, flute, etc. 
I cannot quite grasp the visibility of low notes 
and I think Mr. Voigt has overcooked his egg. 
It is difficult to hear anything below 20 cycles and 
I believe any motion greater than 16 per second 
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gives continuous vision, unless there is some 
irregularity superposed. This loud-speaker is just 
as efficient as the horn type working with the same 
power input. This has been tested in the open at 
a distance of too yards from each instrument. 
The only point is that the sound radiated from the 
horn type is more of a beam whereas in this loud- 
speaker, with the baffle, the radiation at the back 
is of the same order as at the front. If it does not 
sound so loud as the horn type at the front, one 
must remember that the horn type gives very 
little sound at the back. The basis of comparison 
is the mean spherical radiation. On the question 
of efficiency, most of the input is wasted in moving 
the coil and cone backwards and forwards. If the 
weight of the coil and the cone could be reduced 
to one-tenth its present value, you would probably 
want the instrument outside the lecture theatre, 
because it would be so loud. The resistances in 
the circuit are extremely small so that the reduction 
of efficiency is due to working on wattless current. 
Mr. Bawtree asked how the S's are reduced. This 
was effected by putting a condenser across the 
resistance in the anode circuit of V, of Fig. 16. 
Mr. Bawtree thinks that the horn type is better 
than the cone type. I think this is largely a matter 
of listening under false conditions. Fundamentally, 
the horn tvpe is bound to have resonance due to 
the air column and the horn itsef. Then Mr. 
Bawtree says the cone loud-speaker sounds un- 
pleasantly near in a private residence. All I can 
sav is that mv experience is not in accordance with 
his. The instrument sounds far away when the 
intensity is reduced, and when the intensity is 
increased there is nothing particularly unpleasant 
about it since resonance is absent and all the notes 
have equal prominence. Also the radiation of 
sound is more uniform. Captain Plugge mentioned 
an electrostatic loud-speaker using a plane dia- 
phragm. Messrs. Siemens and Halske have an instru- 
ment with a flat diaphragm, about 8 inches square 
and it works on a principle which is similar to that 
used in the instrument I have here to-night, except 
that instead of a circular coil there are a series of 
straight copper strip on edge.* This gives toler- 
ably uniform loading over the diaphragm. The 
strips are placed between the poles of an electro- 
magnet, alternately north and south. It is a zigzag 
arrangement and the current passes through it and 
creates a magnetic field which reacts on the steady 
magnetic field of the magnets so that the plate 
moves in and out in the usual way. A baffle is also 
used. I do not think you can say that the repro- 
duction from an instrument of this type is likely 
to be better than from the one I have designed. 
I consider that the reproduction from an instrument 
of the coil-drive type can only be critically judged 
when we have a microphone superior to those now 
in use. In any case, it is difficult to say which 
would be the better unless the two were heard side 
by side. According to accounts, the Siemens and 
Halske instrument does not reproduce the letter $; 
I do not think there would be any difficulty in 
getting the same effect on my loud-speaker if the 
coil was designed to have a very low resistance. 
In the Siemens and Halske case, I expect they had 


“See N. W. McLachlan, “ Loud-Speakers,” 
Wireless World, 4th November, 1926. 
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too high a value of L/R. If you have an inductance 
with a very low resistance, and supply an alternating 
current of varying frequency, it is quite obvious that 
the impedance of the coil is chiefly due to reactance. 
A current of high frequency will be choked off 
relatively to that at low frequencies, and I think 
that is what is happening in the Siemens and Halske 
speaker. The question of the electrostatic loud- 
speaker is another thing. I do not think you could 
theorise on it at random. It is one of those things 
in which you have to do experiments to find a 
hypothesis on which to base the theory. Apart 
from clearances between the plates and the 
relationship between force and distance it seems to 
me that such an instrument may have practical 
disadvantages, e.g., high voltage. Some years ago 
I made an electrostatic loud-speaker and although 
I did not take much trouble with it, the reproduction 
seemed quite good.* Trouble was experienced due 
to rattling because I did not use a proper diaphragm. 
The question of stiffness is very interesting, and as 
stated in the lecture the cone could be replaced 
elasticity 
density 
large enough. It is another of those things 
in engineering in which we are limited by materials. 
There is, however, no trouble about the propagation 
of energy down the cone unless it is abnormally 
large. I do not think the pleated diaphragm is a 
good construction because it generally gives rise 
to a nasty resonance, but it depends on the geome- 
trical form of the diaphragm. 

Mr. Garton asked about resonance onthe middle C 
and the unnatural loudness in the human voice. The 
deep tone is partly due to pressure wave distortion as 
explained in the lecture, but there may be a resonance, 
I have tested the loud-speaker and the amplifier, and 
there is no resonance in either. Where is it? It 
appears to be in the transmission! I know exactly 
what Mr. Garton means, because I have experienced 
that little trouble at various times. As to the last 
stage, referred to by Mr. Garton, the valves are of 
the LS5A type. To preserve the low tones, it is 
imperative to use a valve of low internal resistance, 
and it may be essential to connect several valves 
in parallel. I have four here, and if I want to 
get a still greater low tone effect I can double this 
number. There should be little grid current with 
85 volts negative on the valves, unless an abnormal 
signal strength is applied. 


by a disc if you could get the ratio 


Mr. G. G. Blake, proposing a vote of thanks to 
Dr. McLachlan, said: I feel sure I shall be voicing 
the feelings of everybody here when I sav that we 
have enjoyed this evening some of the best quality 
reproduction with loud-speakers that many of us 
have ever heard. Certainly the reproduction has 
been very perfect indeed. Dr. McLachlan said it 
is hardly possible to reproduce the deep bass notes 
satisfactorily with the same instrument with which 
one can reproduce the human voice. That is only 
a constructional matter, and it can be done, but 
not very well, with the same instrument. lt seems 
to me, therefore, that two instruments will be 
required, one for reproducing music, for musical 
people who want to get the best musical effects, and 


* British Patent 206,601. 
DI 
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another for speech. A point which has apparently to Mr. Blake, who made an interesting statement 
been overlooked during this discussion is the use with regard to the position of the microphone at 
of the board (on Dr. McLachlan’s instrument), for 2LO. I usually put my loud-speaker on the top 
cutting off sound-waves from the back of the cone. of the piano, and a long time ago I found that 
I was present a little while ago at the Institution when it was moved towards the wall, the low tones 


spoke to us on the latest developments of broad- extent relatively, and, of course, the explanation 
casting, and at that meeting one of the speakers was pretty obvious. Sound is radiated from both 
pointed out that in the studio at 2LO the micro- sides of the diaphragm. The sound at the back 
phone is somewhere near the centre of the room, is reflected from the wall. Since the velocity of 
Or some distance from the wall, and therefore the Sound is great compared with the frequency of 


play with full force upon the microphone, and it with the reflected wave from the wall, and the 
was Suggested that it would be better if the micro- low tones are cut off. In any ordinary diaphragm 
phone was let right into the wall. That would be loud-speaker without a baffle, I have found that 
Something like the sound board which Dr. McLachlan by designing the diaphragm to have a definite 
has shown us to-night. The Suggestion in question low resonance point I can vary the tone. If the 
called forth a characteristic reply from Captain pitch is too low, I push the instrument against the 
Eckersley, who said that it would be better, perhaps, wall, but one cannot always be pushing the instru- 
if everybody could come up to the B.B.C. studio ment against the wall and taking it awav again, 
and listen to 2LO through a hole in the wall. although, if one is enthusiastic, one can devise a 
Lazy Tongs arrangement and pull it backwards and 

Mr. H. Bevan Swift seconded the vote of thanks, forwards from one's armchair. It all comes back 
Which was carried with acclamation. to the question of the low tones. If one could 
always have the reproduction at its natural loudness 

Dr. McLachlan, acknowledging the vote of thanks, there would be no dificulty. The loud speaker 
said: I thank you for the kind way in which my can be adjusted to the normal loudness of a man’s 
lecture has been received this evening. It has natural voice, and then, on music, all is well. 
been a great pleasure to me to givea demonstration, The low tones may sound rather weak, but it lS 


what developments are going on, and healthy to enhance the low tones, so that an adequate 
discussion does no harm. I should like to reply supply is obtained in a private residence. 
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The Piezo-Electric Effect and its Application 
to Wireless. 


By C. W. Goyder (2SZ—2HM ). 


[R351.218 


(Concluded from p. 100 of Feb. issue.) 


This concluding article describes the use of the 


Quartz Crystal in the Transmitter now in use 


at the Mill Hill School Station, 2SZ. 


Practical Application of the Quartz Crystal 
to Transmitting. 


HE writer found the use of the quartz 

crystal as an oscillator by far the most 

interesting. The transmitter now in use 
has a quartz crystal to control the frequency. 
As the energy obtainable from the crystal 
itself is very small, it is necessary to amplify 
considerably. In this case the final power 
is 250 watts. 

The most noticeable advantage of using a 
quartz crystal as the frequency generator 
in a transmitter is, of course, the fact that 
the frequency is constant. No matter how 
much the aerial swings or how poor the 
regulation of the power supply may be, the 
frequency will not vary. The aerial may 
be disconnected, any part of the circuit may 
be adjusted, the valves, coils and chokes may 
heat up, and still the frequency will not 
change. The other great trouble of short 
wave work, keying, is also greatly simplified. 
The chirpy note so difficult to avoid with 
self-excited circuits is not possible with a 
crystal-controlled set. 

The trouble caused by generators picking 
up speed between dots and dashes is, of 
course, also obviated. 

When using a transmitter controlled by a 
crystal, it will be found that the quality of 
the note is invariably good. The extremely 
rough note produced if the high tension 
supply is not properly rectified or smoothed, 
when using a self-excited circuit, is due to 
frequency modulation of the radiated wave. 
This type of note, besides being difficult to 
read, causes undue interference. When using 
a crystal, frequency modulation is impossible. 
The ripple in the supply can only produce a 
slight variation in strength. It is surprising 
to find that full-wave rectification without 
any smoothing gives a pure note with only a 


slight modulation, produced by the variation 
in strength. It can be best described as a 
“ D.C. note with a slight ripple.” By using 
two valves in the self-rectification circuit, 
no rectifying valves are needed and yet a 
good note is possible. 

Another advantage, not so obvious, is 
obtained. It is well known that telephony 
on the 45-metre band is subject to distortion 
which is apparently quite out of control of 
the transmitter or receiver. At certain 
times of the day or night it is possible to 
receive good telephony from amateurs, 
which at other times may be badly distorted. 
To illustrate the point, a test made by the 
writer is interesting. Four telephony trans- 
missions, each of ten minutes duration, 
were made at midnight, 8.30 a.m., 3.0 p.m., 
and 7.0 p.m. Twelve reports were received 
from various parts of England from amateurs 
who listened to all four transmissions. 
The midnight transmission in all cases was 
subject to fading, bad distortion, and was 
weak ; similarly the 8.30 a.m. transmission. 
The 7.0 p.m. test was strong and of good 
quality in some places, subject to fading, 
distortion, and weakness in others. The 
3.0 p.m. transmission was reported strong 
and of good quality in every case, without 
exception. No alterations were made to 
the transmitter at this end during the tests. 
Judging’ from these and subsequent tests, 
it appears that the quality varies from time 
to time, depending upon the hour and 
atmospheric conditions. 

It is usually possible to transmit good 
telephony all over England between II a.m. 
and 3 p.m. At other times of the day the 
quality may be good or bad, or vary every 
few minutes. In nearly all the cases men- 
tioned above, the quality distortion occurs 
when fading is bad. This has been proved 
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time after time. The position is, therefore, 
that the fading of a signal introduces quality 
distortion. 

It is interesting to try and furnish an 
explanation for this. It is generally accepted 
that one cause of fading is produced by the 
interference between two waves arriving at 
a point by two different paths of different 
length, so that there is a difference of phase 
between them. Consider the effect produced 
by a frequency modulation of the carrier 
wave by telephony—at any instant the 
carrier wave will have one definite fre- 
quency. The next instant it may have 
varied ~- 100 cycles, due to frequency modu- 
lation. Now, when fading occurs, the re- 
ceived wave is arriving by two paths of 
different length, therefore the first wave 
travelling by the longer path, and the second 
wave + 100 cycles different in frequency, 
travelling by the shorter path, may arrive 
at the same instant. This would produce a 


Fig. 13. 


beat note of 100 cycles frequency. From 
instant to instant the value of this beat 
note would vary. The result would cer- 
tainly be distortion of some kind. If this 
explanation is correct, it means that quality 
distortion on the short waves, due to fading, 
is caused by frequency modulation of the 
carrier. 

It seems to the writer that it is quite 
impossible to modulate a set on 45 metres 


without getting appreciable frequency 
modulation. Take, for example, the set 
using choke control and a master 


oscillator as a set most unlikely to give 
frequency modulation. In an amateur 
set the H.T. supply for the drive 
circuit and the power amplifier is usually 
common, due to the expense of supplying 
two separate H.T. voltages. This belng 
the case, the fluctuations of H.T. voltage 
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on the amplifier due to modulation will 
affect the drive circuit. This will produce 
frequency modulation. Also, the method 
used for transferring the energy from the 
drive circuit to the grid of the amplifier is 
to take a tap on the plate coil of the drive 
circuit as shown in Fig. 13. The large 
variations in voltage on the plate of the 
amplifier due to modulation constantly vary 
the resistance of the plate-filament path, 
and therefore, of course, the grid-filament 
path. The grid-filament path is in parallel 
with a portion of the plate circuit of the drive 
valve. The variation of this resistance in 
parallel with the inductance varies the effec- 
tive value of the inductance. This causes a 
direct modulation of the frequency of the 
drive circuit. 

Using any self-excited circuit, the fre- 
quency modulation would be worse. 

The above considerations prompted the 
writer to construct a quartz crystal-con- 
troled transmitter as the only possible 
method of avoiding frequency modulation. 

By using a constant frequency all dis- 
tortion when fading occurs due to frequency 
modulation should disappear if the above 
reasoning is correct. Judging from the 
reports received, this is decidedly the .case. 
Not one report states any distortion taking 
blace during fading, even at times of the day 
when fading is very pronounced. 

The quartz crvstal controlled transmitter 
consists essentially of a crystal oscillator 
giving a maximum output of under ten 
watts, which is progressively amplified until 
the required power is obtained. This is a 
case of radio-frequency amplification on a 
very short wave-length, so some difficulty 
with the amplifiers and a relatively low 
efficiency may be expected. 

There are two ways in which the problem 
mav be solved. The crystal may be ground 
so that the fundamental response is on 45 
metres, and this may be amplified to the 
required extent, or the crystal may be 
ground to some multiple of 45 metres, such 
as go metres. This necessitates a frequency 
change in one of the amplifiers. 

With the first method, in which the funda- 
mental frequency of the crystal is amplified, 
it is practically impossible to prevent self- 
oscillation in the amplifiers. If one con- 
siders the fundamental circuit shown in 
Fig. 14, remembering there are two or 
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three successive stages, it is not difficult to 
see the reason why this is so. Consider the 
first amplifier. In the plate circuit is an 
inductance tuned to 45 metres, and the grid 
circuit is tapped on to a coil in the plate 


Oa 


Fig. 


circuit of the previous valve, also tuned to 
45 metres. lf tapped on in position “ A” 
the circuit is identical to that shown in 
Fig. 15, which is well known as probably 
the best self-excited transmitting circuit 
for this wave-length. The plate and grid 


circuit are both tuned to the same wave-. 


length, and the necessary coupling to produce 
oscillation is afforded by the inter-electrode 
capacity of the valve. The result is that 
the amplifier oscillates very satisfactorily 
without any help from the crystal. This 
can be prevented by placing the grid tap 
in some position “ B,” such that the part 
of the coil BC is well removed from 45 
metres, but the writer found this reduced 
the coupling to a prohibitive extent. It was 
found necessary to abandon the idea of 
amplifying on the 45 metre wave-length. 

Another poimt against amplification on 
45 metres is that the quartz crystal for this 
frequency would be less than half a milli- 
metre in thickness. This would increase 
the difficulties of grinding, make it very 
fragile, and in some cases it is found that 
the oscillating properties of a crystal cease 
if it is ground to this extent. 

The alternative is to grind the crystal to 
some multiple wave-length, in this case 90 
metres, and to change the frequency in one 
of the amplifiers. Practically no trouble 
was experienced with self-oscillation on this 
wavelength; the amplification by each 
stage is greater, and the crystal is com- 
paratively robust. 
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The crystal oscillator was shown in 
Fig. 7 (p. 96, Feb., 1926.) The plate 
circuit inductance can be wound with 
No. 22 wire on cardboard tubing. It may 
be tuned with a condenser, or simply by 


ki 


I4. 


using the correct number of turns. The 
inductance of the grid choke should be such 
that its natural period is well above 90 
metres. If this is not so, the circuit approxi- 
mates to that shown in Fig. 15, and self- 
oscillation will occur. The grid bias is not 
critical. Any of the many types of low 
impedance power valves may be used in 
this stage, as the plate voltage should not 
exceed 350. The power obtainable from 
this stage is limited to this value, due to the 
fact that the crystal may crack. It must 
be remembered that the crystal is in mechani- 


Fig. 15. 

cal vibration at a frequency of over three 
million cycles a second on this wave-length. 
An increase of plate voltage increases the 
amplitude of these vibrations until the 
elastic limit of the crystal is passed, causing 
it either to crack or burst into several pieces. 
A small crack or scratch destroys the oscil- 
lating property of a crystal. 


Mounting. 


The mounting of a crystal used as an 
oscillator is very simple. The only essential 
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is that the surfaces should be reasonably 
flat. Quite an inexpensive method is to 
mount the crystal between two pennies 
which have been ground smooth on one 
side. A hole may then be turned in a flat 
piece of ebonite to take the pennies, which 
may be kept in place by a spring. A 
pressure varying from a gram to a kilo- 
gram made no apparent difference to the 
oscillation of the crystal. 

The other method of producing oscil- 
lations with a crystal (Fig. 16) is not advis- 
able, as there is a greater tendency for the 
crystal to build up to such an amplitude 
that it will crack. 


Fig. 16. 


If the condenser tuning the plate induc- 
tance in the circuit shown in Fig. 7 
(p. 96, Feb., 1926), is varied slowly, a 
position will be found where the plate 
current indicated by the plate milli- 
ammeter suddenly drops. The crystal is 
now oscillating. By tuning to approxi- 
mately this frequency with a separate 
regenerative receiver, a beat note will be 
produced. If the condenser is now varied 
through the entire range over which the 


8 WATTS 


crystal will oscillate, the frequency of the 
crystal will vary as shown in Fig. 17. The total 
variation in frequency is extremely small, 
perhaps 100 cycles, and is only produced 
by a large variation in capacity of the con- 
denser, in comparison with which all other 
variations due to H.T. changes, etc., are 
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CRYSTAL AMPLIFIER 
CONTROLLED AMPLIFIER 150 WATTS AND AMPLIFIER 
. VALVE 50 WATTS FREQUENCY 250 WATTS 


CHANGER 


Fig. 18. | 
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negligible. The position marked will be 
found best for normal working. At. the 
true resonant frequency the crystal usually 
ceases to oscillate, as indicated by the break 
in the curve. 


WAVELENGTH 


CONDENSER READING 
Fig. 17. 


The first radio-frequency amplifier should 
be capable of handling 50 watts. Any 
valve, preferably of low impedance, capable 
of dissipating 20 or 30 watts at the anode, 
is suitable. The plate inductance can be 
made, as before, by winding No. 22 wire 
on tubing. The grid tap is gradually moved 
up the coil in the plate circuit of the crystal 
controlled valve until the maximum energy 
transfer, without self-oscillation, is obtained. | 

The second radio-frequency amplifier is 
essentially similar to the first. The valve 
should be of the 100 or 150 watt type. 

In the third stage a 250-watt valve is 
used. The construction of the coils, etc., 
in these last two stages should, of course, be 
suitable to handle a considerable amount 
of high frequency energy. The adjustment 


of each stage should be completed before 
adding the next. 

With such a set, using three stages of 
amplification, it is possible to amplify the 
three or four watts in the crystal stage to 
three or four hundred. The main losses 
occur in the frequency changing valve. 
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Fig. 19. The final amplifier and frequency doubling valve. The plate inductance and 
aerial coupling coil are shown on the left. 


For the amateur allowed an input of IO 


watts a crystal controlling a low impedance, 


valve with 300 volts on the plate would 
constitute the “ideal” set. For a power 
input up to 100 watts, a crystal controlled 
valve using one stage of amplification would 
suffice. For the IO or the 100 watt set, the 
crystal should be ground to 45 metres, and 
the fundamental amplified. It is compara- 
tively simple to prevent self-oscillation if 
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AMPLIFIER 
CONTROLLED AMPLIFIER AMPLIFIER 300 WATTS AND 
VALVE 50 WATTS 100 WATTS FREQUENCY 
8 WATTS CHANGER : 
| 3. 
| 
Fig. 20. x 


only one stage of amplification is used. It 
is the addition of the second and third stage 
necessitating a frequency change and the 
accompanying losses that reduces the overall 
efficiency of the set. 

The frequency may be changed in the 
second amplifier, Fig. 18, or in the third 
amplifier, Fig. 20. Using the former method 


the second amplifier amplifies and changes 
the frequency at the same time, and the 
third stage then amplifies this changed 
frequency. In the latter method the first two 
stages amplify at 90 metres, while the third 
amplifies and changes the frequency at the 
same time. The plate circuit of this valve 
is coupled to the aerial. The second method 
was found to be the better. It is required 
to change to a frequency corresponding to 


45m 


45 metres. The second harmonic of the 
amplifier is, therefore, required. In Fig. 21 
(a), is represented the frequency of the 
original wave. In (b) is shown the double 
frequency which is required. In (c) is shown 
the form of a wave in which (a) (the funda- 
mental) and (b) (the second harmonic) are 
combined. If it were possible to distort 
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the form of the wave (a) to that of (c) the It would, of course, be possible to run all 
conditions would be ideal for obtaining a the valves from a common H.T. supply by 
strong second harmonic. Although this is using reducing resistances. 

not possible, it is possible to distort the sine 

wave shown in (a) to some such form as (d) 

in which the second harmonic is present / N EX E» EX 
together with a series of higher harmonics. (a) w, Y. V y, 
The second harmonic is then picked out by 

means of a tuned circuit. By making the 


grid of the frequency changing valve strongly 
negative, the wave form will be distorted as = (b) A A A A A A 


mtn iu | VVVVV 
Fig. 22 shows the principal connections 
of the set used by the author. The crystal 
controlled valve has only 250 volts on the 
plate. By running this up to 400 it would | 
4 a A Li 


be possible to do away with one stage of (o) K+, = = = 
amplification, but in view of the scarcity y V y 


and expense of crystals, it was not con- 

sidered wise. The H.T. supply for the first 

two valves is half wave rectiĥed and smoothed 

A.C. obtained from one transformer iving 

a maximum voltage of 1,000. The laŭt two (d) AJ AJ A /\ 
valves are supplied from the full wave 

rectifter which was used on the previous set. Fig. 21. 
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Modulation. 


A set of this type may be modulated in 
any of the usual ways. Whichever method 
is used there will be no chance of frequency 
modulation. Modulating the grid of the 
last amplifier is a very simple and satis- 
factory method. In other circuits this 
usually gives so much frequency modulation 
that the telephony is unintelligible, but using 
this method with crystal control many 


80000 n WIRE 

WOUND RESISTANCE 
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TO COMMON 
FILAMENT OF SET 


Fig. 23. 


reports have been received and not one 
mentions any distortion. All state telephony 
very good and a good percentage report it 
the best telephony received on this wave- 
length. 

It is very gratifying to get these results 
with such a simple method. The modulator 
valve is an ordinary general purpose receiving 
valve. The circuit is shown in Fig. 23. The 
grid of the last amplifier is connected through 
a choke to an 80,000 ohm leak then to the 
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filament of the modulator valve. The plate 
is connected to the common filament ter- 
minal of the main set. 

The large value grid leak is used to obtain 
the necessary grid bias. This may be 
replaced by a dry battery or a small trans- 
former supplying rectified A.C. Still another 
method is to use a receiving valve as a grid 
leak, the value of resistance being governed 
by the filament temperature. If the filament 
temperature is gradually reduced the power 
output increases to a maximum and then 
drops again as the grid becomes too negative. 
This valve should not be used as a modu- 
lator also, as the filament temperature 
giving the correct resistance is not usually 
sufficient to give good quality telephony. 

In comparing the amount of apparatus 
required for a crystal controlled set with 
that required for any other type of set for 
morse work where over 200 watts is required, 
it is rather excessive. If, however, good 
telephony is wanted a master oscillator and 
choke control must be used necessitating at 
least four power valves. This is as many 
as a crystal controlled set would require 
and the note and telephony of the latter 
would certainly be better. 

Morse and telephony from the writer's set 
have been received in New Zealand, Australia, 
China, India, America, and various inter- 
mediate places. 

In conclusion, it may be said that the 
beautiful steady note obtained and the 
absence of distortion when using telephony, 
has made the building of this set well worth 
While. 


A New Slide Rule. 


facilitating condenser calculations has 

been designed by Mr. P. R. Coursey of 
the Dubilier Condenser Company. The class 
of calculation to which it is applicable is that 
involving the connection between current, 
voltage, capacity and frequency or wave- 
length. It cannot be used for finding the area 
of plates which at a given spacing would give 
a required capacity, nor can it be used for 
calculating the capacity which, in combina- 
tion with a given inductance, gives a required 


A NEW slide-rule specially designed for 


frequency, but it answers at once such 
questions as: What current will flow 
through a condenser of o.o0IuUF if A=400 
metres and V=z,000 volts? It has five 
scales with the following ranges :— 


Frequency : I5,000 to 15 kilocycles. 
Wavelength: 20 to 20,000 metres. 
Capacity : 0.00005 to 0.05uUF. 
Current : 0.5 to 500 ampcres. 
Voltage : O.I to 100 kilovolts. 


Given any three of these four magnitudes, 
the rule enables one to read off the fourth. 
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Transformer Test Set. 


Determination of Phase Shift and Amplification. 


has been devised by P. W. Willans for 

testing the performance of intervalve 
transformers by measuring their voltage 
amplification in conjunction with an appro- 
priate valve. It depends for its operation 
on a novel bridge arrangement whereby 
both the phase shitt and scalar amplification 
are given as a result of a null observation. 


Te testing equipment to be described 


Fig. I. 


The method of making the observation 
may conveniently be considered in relation 
to Fig.1. Here W, and W, are two valves, 
the filaments of which are controlled by 
separate rheostats. The anodes of these 
valves are connected in parallel through a 
pair of telephones and a source of H.T., and 
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valves have linear characteristics and 
identical mutual conductances and if v, 
and v, are equal and in opposition of phase 
then no sound will be heard in the telephones. 

In practice the valves can be adjusted so 
that their mutual conductances are equal, 
by first arranging that the applied voltages 
are exactly equal and in opposition of phase 
and then adjusting the filament resistance 
of either W, or W, until no sound is heard 
in the telephones. If then one of these 
voltages, say v,, be replaced by a voltage 
which varies in conformity with the adjust- 
ments of any measuring apparatus, we can 
bring this voltage into equality and oppo- 
sition of phase with v, by effecting an 
extinction of sound in the telephones. It 
is worth noting that such an extinction 
will in practice only be attainable with the 
fundamental frequency of the applied vol- 
tages if their wave-forms are not identical. 
This is an advantage since 1t helps to separate 
the effects of amplification on different 
frequencies. 

The embodiment of a detecting device of 
this type for the purpose of measuring the 


to the grids of the valves are applied alter- 
nating voltages v, and v, from any source 
whatever. Then it is clear that if the 


Fig. 2. 


voltage amplification of a valve and trans- 
former is illustrated in Fig. 2, which is a 
simplified circuit diagram of the test set. 
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Here the valve A is followed by an inter- 
valve transformer T, and the object of the 
measurement is to ascertain the vector 
voltage amplification of this valve and trans- 
former. The valves B and B' correspond 
to the two valves shown in Fig. 1, the 
anodes being connected in parallel and to 
the primary winding of a telephone trans- 
former P. To the grid of the first valve is 
applied a fraction of the input voltage to a 
bridge, which consists essentially of four 
arms, three of 1,000 ohms resistance and one 
in general slightly different from that value. 
Further, either of the ratio arms of the 
bridge can be shunted by a variable con- 
denser. Referring to the figure it will be 
seen that the condenser marked C can be 
connected either across the arm 2 4 or across 
34; simultaneously we can throw the bridge 
out of balance in respect of resistance by 
the adjustment of the arm 1 3 which is 
variable from o to 1,500 ohms. The grid 
of the valve B’ is permanently connected 
to point 2 on the bridge and the grid of 
B can be connected either to the output 
of the voltage amplifier or to the point 3 
on the bridge, a switch S, being provided 
for this purpose. 

In order to effect the measurement we 
must first ensure that the mutual con- 
ductances of the valves B and B' are the 
same. For this purpose we connect the 
grid of valve B to the point 3 on the bridge, 
balance the latter exactly, thus making the 
applied voltages equal and opposite, and by 
means of the filament resistances of these 
valves reduce the sound heard in the tele- 
phones to zero. Having made this adjust- 
ment we throw over the switch S, on to the 
output of the voltage amplifier, then dis- 
place the balance of the bridge until the 
output voltage is such that no sound is 
heard in the telephones. We then know 
that the output voltage of the transformer 
is equal and opposite to the voltage across 
the arm 24 of the bridge and the input 
voltage to the amplifier is equal to the 
voltage across the diagonal 1 4. Conse- 
quently the amplification ratio is equal and 
opposite to the ratio of the voltages across 
24 and 14 respectively. These voltages 
can very readily be calculated. 

The resistance R, and the condenser C, 
constitute a Wagner earth connection, the 
arrangements being such that we can reduce 
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to zero the voltage between the point 4 of 
the bridge and earth under all conditions 
of measurement. The resistance R, is of 
a total value of about 10,000 ohms and the 
condenser Cy in conŝequence requires to be 
roughly 1/roth of the value of the capacity 
across the ratio arms, though it will deviate 
slightly from this value due to the stray 
capacities of batteries, etc., for which it is 
required to compensate. 

The switch S, enables the telephones to 
be connected to the bridge diagonals direct, 
to the earth bridge or to the output of the 
valves B and B'. 

In Fig. 2 an inductance L is shown as a 
dotted line across the condenser C. This 
may be used for the purposes of frequency 
measurement, the resonant circuit L C being 


Willans' transformer test set. 


shunted across either ratio arm and the 
condenser and variable resistance arm being 
adjusted for exact balance of the bridge. 
It is important to note the conditions of 
measurement, namely that there is practi- 
cally speaking no impedance either in the 
input grid circuit or in the output anode 
circuit. In the first case the total impedance 
of the bridge is of the order of 1,000 ohms, 
which is negligible in comparison with the 
grid filament impedance of the valve at 
even fairly high frequencies. In the second 
case, since the adjustment is made in such 
a way that there is zero alternating current 
flowing through the telephone transformer 
windings, there is no alternating voltage on 
the plates of these valves and in conse- 
quence no retroactive effect on the amplifier. 
This reduces the conditions of operation 
to the simplest possible terms, and 1f it is 
required to observe the ettect of input or 
output impedances these can deliberately 
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be introduced in such a manner as not to 
interfere with the measuring apparatus. 

The calculation of the amplification ratio 
difters according to the position of the 
condenser C. Referring to Fig. 3, which 
is a simplified diagram of the bridge itself, 
if we denote the two positions of the switch 
as (a) and (b) and the voltages across 2 4, 
I 4, etc., Dy vey, Uys, etc., the formula can 
readily be established :— 


For switch in position (a) :— 
LE ce iaoo 
va R’—R—jwR?C 

For switch in position (b) :— 


; R' LR 
“= p R(i—w?R?C2) |. wRCO 
va RC tI eRe 


w being, of course, the angular frequency 
of the applied alternating voltage. 

In by far the greater number of practical 
cases the second formula can be simplified 
by neglecting w*R*C* in comparison with 
unity in the real term and w?R2C2 in com- 
parison with unity in the imaginary term. 
We then have, as an approximate formula 
with the switch in position (b):— 

Var R'+R 
Via  R'—R +w? REC2+ 70 REC 

For the purpose of measuring voltage 

amplifications of very small value means 
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are provided (not shown on Fig. 2) for con- 
necting the grid of B’ to a tapping point in 
the resistance of the arm 2 4. In this way 
the voltage amplification is equal and 
opposite to I/Ioth of the ratio v»/w,,, this 
ratio having the values given above. 


(e 
a T b 
Fig. 3. 


Numerous measurements have been carried 
out with this apparatus on intervalve trans- 
formers of all kinds and results more or less 
exactly in agreement with theory have been 
obtained. The analysis of a transformer is 
far more readily carried out in virtue of the 
fact that the vector ratio of amplification 
is yielded by the measurement, and it is 
possible to predict the amplification of the 
transformer at frequencies beyond the range 
of convenient measurement by extra- 
polation. 
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Amateur Radio Telegraphy. 


By K. S. Wakefield (2AWD). 


nection with experimental radio. Its 
purpose is to help those who would 
become more proficient at the telegraphy 
side of it. Though people may say this has 
nothing to do with experiments, or research, 
it is a very necessary side and, from what 
the writer has heard of amateur telegraphy, 
is on the whole a much neglected one. 
Before describing a useful circuit whereby 
amateurs may either teach themselves or 
each other to send well and incidentally 
practice receiving, the writer intends to say 
something about the telegraphy side. 


Sending. 
The spring tension on the key should be 
adjusted to suit the operator and the gap 
if possible adjusted to something between 


+» in. and kin. The key should be gripped 
as shown in Fig. 1, with the first joints of 


Tree article has, it is true, only a con- 


Fig. 1. 


the first and second fingers just over the 
further edge of the key. The thumb should 
not touch the side of the key but during 
sending should slide up and down by its 
side. The movement of sending should be 
made from the wrist, which should not drop 
lower for a dash than for a dot, and the 
forearm kept in a horizontal position. The 
key should not be gripped but should, rather, 
rest lightly in the operator’s hand. If the 
key is gripped, elbow too high, or wrist 
action stiff, cramp will result and the 
operator will begin to stumble, erase, and 
send badly. 

It should be remembered here that an 
erasure should consist of eight dots but should 
never consist of less. If the first four letters 
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of a word have not been sent correctly then 
the last word sent correctly should be 
repeated. 

Great attention should be paid to spacing. 
The length, of course, depends on the speed 
of sending. A very good idea can be ob- 
tained of the correct time periods, for letter 
and word spacing, by just lifting the hand 
off the key between each letter and lifting 
it off the key on to the table, between key 
and sender, between each word. A great 
fault among amateurs is either to over or 
under accentuate dots or dashes. 


— Lum LLLINUULTLUVILW UVJU 
Fig. 2. 


The accompanying specimen “ RADIO” 
(Fig. 2) shows the relative lengths of dots 
and dashes as it should come out on a morse 
recorder. A dash should be the length of 
three dots—the space between two beats of a 
letter as long as a dot, that between two 
letters as long as three dots, and a word 
space as long as either five or seven dots 
(authorities differing on this length). 

In practising a very slow speed should 
first be taken to form letters correctly— 
this speed can soon be worked up till the 
operator can send well and easily at twenty 
words per minute. 

Receiving. 

As to receiving, this can soon be “ speeded 
up” by receiving radio stations, such as 
ships or commercial C.W. stations working 
slow “auto” or hand sending. “ Auto,” 
which is to say the sending as transmitted 
by an automatic transmitter, can be taken 
as what good sending should be like (the 
specimen in Fig. 2 was sent by an “ auto ”) 
and it will be found how easy it is to read. 
Practice 1s, of course, had when receiving 
or working other amateurs, but their quality 
is so often bad that the writer, who can 
receive accurately up to about twenty-five 
words per minute, often finds difficulty in 
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receiving them.” It is not inferred here 
that there are not a great many very good 
senders among amateur transmitters such 
as . . no! we won't give any names! 

To learn to receive accurately at a good 
speed messages should be written. Some 
people find it easy enough to read plain 
language in their head far faster than they 
can write—especially at first. When prac- 
tising writing, if a word or letter be missed, 
do not try and fill it in at the expense of 
losing the next word or two, but go straight 
on and it will be found that less and less 
will be lost every time till a good speed can 
be received accurately. 

In taking a speed test, five minutes should 
be taken as the time. Nothing should be 
filled in after the word “Stop!” and all 
words not received wholly correctly scored 
out. Joining or splitting words does not 
matter as long as the letters are right. 
The words remaining should now be counted 
up, five letters being taken as one word and 
the total divided by five, giving the speed 
in words per minute. 

Practice Circuit. 

For those who are served bv A.C. a very 
useful practice circuit can be made in the 
following way. There are no outside noises 
as with a buzzer— which usually “ stays 
put” about five minutes—but a very good 
note can be heard in the phones. In sending 
practice the only way to know how you are 
sending is to hear how it sounds in the 
phones. 

All the apparatus necessary is :— 

(1) A good-sized morse key with good 
heavy contacts. 

(2) One or more pairs of high resistance 
phones. 

(3) A paper condenser of about .o5uF 
and 

(4) A little home-made iron-cored trans- 
former with a step-up resistance ratio of 
about 20 to 1. The primary should be 

of about No. 22 S.W.G. D.C.C. wire and of a 

resistance of about I ohm. The secondary 

can be wound with the same gauge wire. 

These are connected as shown in Fig. 3. 


The primary of the transformer is connected 
in series with the electric lamp in the 
operators' room. It will not affect its 
brilliancy as its resistance is so low. 
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Though the mains have a frequency 
usually of 50 cycles, a note of about I 000 
per second will be heard in the phones. 
This is due to the fact that the natural 
frequency of the circuit is now about 1,000 
and so a twentieth harmonic of the A.C. is 
heard in the phones. The note can be 
altered to suit the operator merely by 
altering the capacity of the condenser. ' 


Ln A.C. MAINS pE 


0-05mfd 


Fig. 3. 


It will be seen that if frequency is to be, 
let us say, 1,000, then, allowing an inductance 
of about 4 henry, since 


I 
27 LK 
the capacity will be .osuF approximately. 

The circuit is simple to fix up and is not 
at all dangerous as the P.D. across it is very 
small and there is no direct connection to 
the mains. 

Assuming a 60 watt 240 volt lamp to be 
used the current would be 60/240 or } amp 
and if the resistance of the primary is as 
much as one ohm, the P.D. across it C.R. 
will only be } volt. 


WATCH TYPE 
TELEPHONE 


CARBON SHOT 
MICROPHONE 


“es 


Fig. 4. 


It should be added that the foregoing 
circuit should be successful with D.C. mains, 
as the commutator ripple is usually sufficient 
to actuate it. 

Another very useful circuit which is 
within the reach of everyone—mains or no 
mains—is the following. It is cheap in 
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construction and gives an excellent note, 
but being dependent on dry batteries is not 
quite as reliable as the last. 

For the circuit see Fig. 4.* The trans- 
former is the same as that in Fig. 3 of last 
method—phones being connected to the 
higher resistance winding. A carbon shot 
microphone is connected in series with an 
ordinary 24 ohm watch type phone and 
they are clamped, as shown, with diaphragms 
facing each other—the key, transformer 
primary and one or two dry cells complete 
the circuit. 

When the key is depressed current flows 
through phone and the diaphragm is at- 
tracted, thus altering the microphone resis- 
tance and hence the current. Phone and 
microphone continue to react as long as 
the key is held down varying the amplitude 
of the current as in Fig. 5. It will be found 
that the circuit works much better with the 
battery connected up in one direction than 
in the other—the correct direction is found 


“This is an application of the well-known micro- 
phone hummer.—G.W.O.H. | 


Memorial 
to Hertz at Karlsruhe. 


following days the Technical College at 

Karlsruhe celebrated the centenary of 
its foundation. Suitable orations were de- 
livered dealing with the history of the College, 
and with the part it has played in the 
scientific achievements of the last hundred 
years. Honorary degrees were conferred 
on a number of leading scientists; but to 
all of our readers the most interesting event 
of the celebrations took place on the 30th, 
when a memorial to Heinrich Hertz was 
unveiled. We have much pleasure in repro- 
ducing a photograph of the memorial. 
The inscription may be translated as follows : 


O: the 29th of last October and the 


IN THIS PLACE 
HEINRICH HERTZ 


DISCOVERED THE ELECTROMAGNETIC WAVES 
DURING THE YEARS I881-1883. 
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by experiment. The amplitude of current 
“vibrations” depends on the current 
strength and sensitiveness of the micro- 
phone and telephone, and the frequency, 
apparently, on natural frequency of phone 
diaphragm. Usually a clear musical note 
of about 1,000 per sec. is obtained. Any 
number of high resistance phones can be 
connected across the secondary. 


CURRENT 


TIME 


Fig. 5. 


It is understood that a device of this 
nature is used by 2LO for his tuning note 
and by many tonic train stations. 

It is hoped that this little article, with 
the help of the practice circuit described, 
mav be of some assistance in the bettering 
of amateur radio telegraphy. 
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The Propagation of Radio Waves. [R113 


Paper read by Mr. J. HOLLINGWORTH, M.A., B.Sc., before the Wireless 
Section, I.E.E., on 3rd February, 1926. 


Abstract. 


HE paper is communicated by the Radio 

Research Board, the work having been 

done for the Board’s Committee on the 
Propagation of Waves. 

In the introduction it is pointed out that 
work on signal strength measurement can 
be approached in two ways. The first is 
primarily concerned with obtaining data 
for reception and transmission purposes, and 
is mostly concerned with long distance 
transmission under working conditions. The 
second is of viewing the measurements 
chiefly as a convenient means of examining 
the electrical state of the intervening medium. 
The latter has been the guiding principle 
in the work described. 

The apparatus used is not dealt with, it 
having been described in a previous com- 
munication.* The only notable difference 
is the substitution of a Dye transformer for 
a calibrated mutual inductance. 

The features of the experiments are: 
(a) Distances are all comparatively short ; 
(b) Observations have been simultaneous 
whenever possible ; (c) Only daylight trans- 
missions have been considered. This pro- 
gramme was adopted to reduce the number 
of independent and uncontrollable variables. 
Short distance reduces uncertainty with 
regard to variables, and removes the special 
cause of difficulty in long distance work in 
which the path contains both day and night 
sections. It also tends to higher accuracy 
of measurement owing to the more powerful 
signals in relation to disturbances. 

Four receiving stations have been engaged 
on the work and have made routine observa- 
tions since June or July, 1924. The earlier 
measurements were all made, on U.R.S.I. 
transmissions, those most used being Leafield 
(12.350m. at 14.00 G.M.T.), Nantes (9,000 m. 
at 14.15), and Stavanger (12,140m. at 
10.00). 

The results from all stations have been 
reduced to a fixed aerial current, and each 
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set averaged weekly. Daily results proved 
too cumbrous, while monthly averages might 
have obscured transient results of shorter 
period. The study of the curves suggests 
that the weekly meaning has been justitied. 

Fig. I of the paper (not reproduced here) 
gives the weekly averages of the observations 
on Nantes and Leafield at the four stations, 
from June, 1924, to December 1925. Several 
notable features appear. In the first months 
Nantes was stronger at Manchester (695km.) 
than at Slough (485km.). When variations 
occurred they usually appeared at all stations 
but not necessarily in the same direction, 1.e., 
an unusually high value at one station was 
generally accompanied by a low value 
elsewhere. 

In September, 1924, day-to-day changes 
became much larger. In October big changes 
began to occur, culminating in sudden and 
enormous variations in the week 25th: 
October to ist November, the daily logs 
showing the majority of the changes between 
27th and 30th October. Comparison is 
drawn between these, and results shown by 
Professor Mesny in L’Onde Electrique, and 
with the results shown in the Marconi 
Company’s recent paper. (Abstracted in 
EW.6 W.E., December, 1925.) In the 
following weeks, although day-to-day un- 
steadiness was marked, there was no definite 
return to summer values. In spring, 1925, 
signals gradually steadied down to practically 
the same values as in the previous summer. 
In autumn, 1925, the same abrupt change 
occurred again on practically the same days. 

It is hardly possible to avoid the conclusion 
that these changes were due to some main 
cause operative over a large area; and the 
possibility is also suggested that all signal 
strength variations might be due to this 
cause, differing in degree rather than in kind. 

Differences of land conductivity are dis- 
missed by the fact that signals from Leafield 
at Glasgow, and from Stavanger at Aberdeen, 
were practically equal, although the former 
path is entirely overland and the latter 
over sea. | 
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The paper then proceeds to consider the 
possibilitv of accounting for all the effects 
by a single cause, by considering the dis- 
tribution in terms of Intensity and Distance 
The curves of Fig. 4 * are shown to illustrate 
the conditions before and after the transition 
period referred to. The 
actual intensities at each 
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mid-September. The U.R.S.I. signals not 
being suitable for a variable programme, the 
choice of a transmitting station finally fell 
on St. Assisse (FT., 14,350m.). Preliminary 
tests showed that the signals from this 
station usually maintained a steady value, 


O~Average value at Slough 


station being very different, rr 


the ordinates are given in 
the form of the ratio of the 
monthly average intensity 
to the mean annual inten- 
sity at that point. The 
relative changes at each 
station can thus be studied 
on a common scale. The 
characteristic features of 
these curves are the alterna- 
tion of high and low values, 
and the complete reversal 
of form between the two 
months. They immediately 
suggest something in the 
nature of an interference 
phenomenon, and subse- 
quent work has been chiefly to study this 
effect under the most favourable conditions. 


Received intensity, microvolts per metre 


Monthly average intensity 


DO 900 1100 Kin 
Distance from transmitter (Nantes) 


Fig. 4. 
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In order to make fuller investigation of 
the distance effect, provision was made for 
a portable set to provide a large number of 
points than can be obtained with fixed 
stations. As such work would necessarily 
occupy a few weeks, it could only be done at 
a time of the year when the day to day 
consistency was highest, 7.e,, mid-May to 


*The author's original figure numbers are used 
throughout this abstract. 


e Tour to Leicester June t0'* to 13% 
a Eastbourne = 24 „ 268 
- Dartmoor July 16 e 2399 
„ Aberdeen Aug. 278 = Sept 379 


x e 
+> LJ 
[o] e 


e 
t 
= 
Ss 
= 
8 
3 
$ 
to 
g 
é 
L 
~i 


Ave ne value at 


nchester 


Distance from transmitter 
Fig. 5. 


While it was also found that the strength 
at Manchester was only one-third of that 
received at Aberdeen, suggesting an inter- 
ference phenomenon. 

Fig. 5 gives the Intensity/Distance curve 
for a series of tours in the summer of last 
year. 

In considering these results the paper 
briefly reviews the phenomenon of inter- 
ference, and starts with the well-accepted 
Heaviside layer as an explanation. The 
simple case of a direct and indirect wave 
from A to B is illustrated in Fig. 7. On 
account of lack of knowledge as to the 
physical nature of the layer, it is impossible 
to say whether the effect is strictly one of 
reflection or refraction or, as seems likely, 
something of an intermediate nature. 


C 
ST, [E IIIa, 
- z “ 
kij Surface of ean — `s 
A B 
Fig. 7. 


From consideration of Fig. 7, the distances 
at which maxima and minima should occur 
at various distances and for various heights 
of layer are plotted in Fig. 8 for the wave- 
length of FT. 
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Although the actual intensity at any point 
depends on the attenuation, the positions of 
maxima and minima are independent of the 
attenuation of either of the waves. Com- 
parison of Figs. 5 and 8 suggest that the 
conditions are satisfied by a height of 75km. 
giving a maximum at 430km. and a minimum 
at 640km. From Fig. 4 (corrected for the 
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appropriate wave-length) a height of 72km. 
is suggested for September, and 85km. for 
November. 

Present results are not sufficient to give 
details as to the physical nature of the layer, 
especially as to sharpness of surface, but it 
appears that the “ effective height” would 
be different for different wave-lengths. 

The results are then considered from the 
aspect of seasonal variations, t.e., (i) com- 
parison of summer and winter and (il) 
comparison of the same period in successive 
years. The results of the four stations 
appear to group themselves into two sections, 
(A) May to September of very marked 
stability and (B) October to May with 
values differing largely from those of summer 
and with very marked day-to-day instability. 
As the marked change at the end of October 
seems to be consistent with a rise of layer 
height from 75 to gokm. it seems natural 
to suggest that some of the winter variations 
are due to the same cause. To examine 
this more fully a daily analysis is in progress 
but the preliminary arithmetical work is 
very heavy and it is not possible to say 
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whether the analysis will be successful. 
From Fig. 8, however, it is clear that a change 
of height of only about IOkm. may be 
sufficient to convert the signal at a given 
point from a maximum to a minimum. 

Sunset effects are then considered, and 
illustrated bv curves of intensity against 
time, for continuous observations over a 
few hours. Some results are shown in Fig. 
9. Fig. IO shows a case of remarkable 
consistency when two observers at stations 
24km. apart, made the observations shown, 
each being unaware that the other was 
engaged on measurement. From these it 
is seen that the “sunset effect” cannot 
be classed under the general heading of 
“night increase.” From comparison of 
Figs. 8 and 9, the variations are all ex- 
plicable on the basis of a rise in effective 
layer height from 75 to gokm. 
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From the results it is possible to calculate 
the reflection co-efficient of and the angle 
of incidence on the layer. Results on 
St. Assisse, for the four stations are tabulated, 
showing reflection co-efficients varying from 
0.16 to 0.42 at angles of incidence from 
68.5° to 79.5°. 
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Lastly the paper considers the extension 
to long distances and short waves. The 
interference phenomenon discussed have 
an upper limit, but the idea of multiple 
reflection cannot be excluded. The signal 
from a distant station would thus consist 
of the vector sum of a series of multiple 
reflections, but their relative attenuations 
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Fig. Io. 


would probably allow only two or three 
to survive to a measurable extent. 

There is danger in applying these results 
to wave-lengths below 1,000 metres, the 
difference in frequency being so great that 
there is no doubt but that the observed 
phenomena would be entirely different. 


DISCUSSION. 


In the discussion, Prof. E. W. Marchant dealt 
with observations made at Liverpool on Nantes 
and Nauen early in 1924, illustrating the measure- 
ments, and other measurements of signal strength 
variations by slides. He doubted the wisdom of 
weekly averages, and suggested that daily figures 
would be useful, especially in helping estimation 
of the height of the layer from day to day. He 
did not agree in attributing all the variations to 
interference due to reflection from the layer. 


Dr. Reyner expressed appreciation of the work 
done under the Radio Research Board, including 
that of the author and his co-workers. He con- 
sidered that signal strength measurements could 
now be made with more accuracy than could be 
given at the transmitting station measuring, say, 
200 amperes. Increased accuracy at the trans- 
mitting end was now required. 


Mr. T. L. Eckersley congratulated the author on 
the scientific spirit of the work. Referring to what 
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he called the “ November effect,” he stated that 
it had been noticed by Captain Round as far back 
as 1911. The author by working at short distances 
had been able to separate different effects, t.e., 
change of attenuation and the height of the layer. 
He suggested that the November effect was due 
to increase of both of these. He differed from the 
author’s conclusion on the height of the layer 
as deduced from the maximum and minimum 
of the tour results. He held that it was impossible 
to calculate the path unless the change of phase 
was known. This change of phase was apparently 
sometimes of considerable value. From much 
information available he favoured a height of the 
order of 50km as a more likely value than the 
70km. suggested by the author. 


Mr. J. E. Taylor entirely disagreed from the 
inferences drawn from the observations, and 
suggested that treatment of propagations from the 
point of view of guided waves had received scant 
attention. He referred to waves along wires and 
their small decay after a hundred or a thousand 
miles. What was the difference in the case of a 
sheet conductor? The results observed were, 
he held, due to two waves, one direct and the other 
travelling round the earth, causing interference 
depending upon phase. He considered that this 
and all similar work was a waste of energy, time 
and money. 


Dr. R. L. Smith Rose held that much information 
was now available in connection with the layer. 


‘He referred to work by Prof. E. V. Appleton and 


Mr. Barnett,* also by Mr. R. H. Barfield and him- 
self, showing that waves do arrive at an angle 
to the earth, proving their arrival from an upper 
region. He dealt with separate measurements 
now in progress, of the electric and magnetic 
forces of the wave, and showed that the results 
could only be obtained by the arrival of the waves 
at an angle, and that this angle could be calculated 
from the results of the measurements. Curves of 
direction finding variations were illustrated, as 
were curves of d.f. variations with signal strength 
variations for the same period. These showed 
considerable correspondence. It was suggested 
that the variations were due to rotation of the 
plane of polarisation of the waves. 


Mr. E. B. Moullin asked for more detail of day- 
to-day variation (c.f. Prof. Marchant), especially 
during the period of the '' November effect.” 
Results from a whole year might well be worth 
a detailed Fourier analysis, which should yield 
interesting information. He differed from Mr. 
Taylor as to the existence and effect of the layer. 


Mr. Hollingworth briefly replied to some of the 
points raised in the discussion. Daily values were 
useful and informative, but were too bulky for 
publication. They were available however to 
anyone who wanted them. He agreed with Dr. 
Reyner as to the need for greater accuracy of the 
transmitter constants. 


A cordial vote of thanks to the author was 
accorded on the motion of the Chairman (Major 
Binyon). 


* See abstracts in E.W. & W.E., February, 1926. 
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Rectifiers for High-Tension Supply. 
Part VII: High-Vacuum Rectifiers—The Two-Electrode Valve. 


(Concluston.) 


By R. Mines, B.Sc. 


I.— General Survey. 


E have now:covered the ground 
Wo rectification by devices using 

solid, liquid, and gaseous con- 
ductors (both dense and rarefied). 

The first class of devices are primarily 
switches, which have to be operated in 
accordance with the control it is desired 
to exercise on the current flow. 

In so far however as any such device can 
be made to operate itself automatically, 
by means incorporated in the complete 
apparatus, it may be called a valve—a 
valve being, in electrical parlance, a device 
that permits current to flow through it in 
one sense only when an alternating P.D. 
is applied to its terminals (2.e., a “ perfect 
rectifier). The two devices belonging to 
the last two classes however are in a different 
category ; for once the essential asymmetry 
is established in them they behave after 
the same fashion as a valve—though many 
are but “ imperfect ” rectifiers. 


INI.—The Fourth Class. 


There is yet another class of device that 
uses no material conductor at all—current 
flows through it solely by the passage of 
electrons from one electrode to the other. 

Now it may be said with truth that this 
is just what happens in the “ switch ” type, 
the electrons flowing along whatever complete 
metallic path they may find; but there 
is this important difference, that in the new 
class to be considered, there is no material 
body present to facilitate the passage of the 
electrons. 

On the contrary, in fact, it is found essential 
to get rid of all matter possible from the 
space where the electron flow is to take 
place, by exhausting it to as high a vacuum 
as is obtainable. 

The figure usually reached commercially* 
gives the electron a mean free path of nearly 
a yard. 

An alternative approach to the subject 


* The “ gas pressure ” is in the neighbourhood 
of 10 8 atmosphere. 
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of the high-vacuum rectifier is permissible 
—to regard it as a development from the 
rarefied gas conduction types, by exhaustion 
far beyond the point where the quantity of 
gas present is sufficient for useful ionisation. 

Now it has been postulated that conduction 
is by electron flow only—this implies the 
presence of some means of liberating electrons 
into the evacuated space. 

The mere presence in this space of a body 
carrying free electrons—a conductor—is not 
sufficient because the boundary conditions 
(a kind of surface tension effect) prevent 
“ evaporation ” of electrons from its surface. 

Some of the methods of releasing electrons 
from an electrode surface have already 
been considered; for example, the one 
always present in gas discharges, positive 
ion bombardment. Obviously this method 
is not available in high-vacuum apparatus. 


III.—Alternative Sources of Electrons. 


If an electrode is made from a suitable 
metal (preferably, strongly electro-positive, 
such as an “ alkali” metal), then by virtue 
of the photo-electric effect electrons may be 
liberated from its surface by intense light 
falling upon it. In general this method 
is not used, partly because itis not practicable 
to use an appropriate electrode material, 
but chiefly because the supply of electrons 
thus obtainable is far too meagre. 

Another possibility would be to provide 
the electrode with a layer of radio-active 
material that emits fpB-rays (which are 
high-velocity electrons). Owing again to 
the minute supply, also to the high speed of 
the electrons and to the emission in addition 
of a-rays (helium atoms, causing disintegra- 
tion and lowering the vacuum) and y-rays 
(penetrating X-rays, that are dangerous 
apart from their secondary effects), this 
method has not been used. 

There remains the thermionic emission. 
The nature of this phenomenon has already 
been described; its application to the 
high-vacuum rectifier is not different, except 
that heating of the active electrode must 
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always be bv independent means—it is 
not possible to have a self-maintaining 
discharge so long as the high vacuum is 
preserved. 


IV.—Emission Characteristics of the Filament. 


We have implied* that the emission of 
negative ions increases rapidly with rise 
of the temperature of a metal. Various 
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proportionality expresses the fact that the 
emission current increases with increase of 
temperature. 

The quantity C is usually in the neighbour- 
hood of 50,000 degrees, and the working 
temperatures used are usually round about 
2,500 degrees; the quotient of these two 
is 20, which is the index of e. This ex- 
presses the fact that the variation of this 


FILAMENT TEMPERATURE DEGREES K 
Fig. I. 


investigators have formulated equations 
representing the relationship between these 
two quantities, and mostly they agree that 
the emission current is inversely proportional 
to the quantity e$/r (where T is the absolute 
temperature of the metal, b is a “ constant ” 
that varies only slightly between different 
materials, and e is the “ base of natural 
logarithms ”), and that this is the predominat- 
ing factor.f . 

The occurrence of T in the denominator 
of the index means that this quantity 
decreases with increase of T, but the reverse 


factor (and hence the emission) with change 
of temperature is extremely rapid. 

The relation is depicted in Fig. 1. The 
emission shown is the maximum current 
it is possible to draw from the filament, 


* E.W. & W.E., p. 898, November, 1925. 


+ Richardson's equation introduces in addition 
the factor 7%, and one derived by Dushman and 
Richardson—the factor /T. Inspection of the 
curve given (Fig. 1), however, shows that if the 
relation be represented by i-=A7T", the index n is 
about 25 over the middle of the range—so it does 
not matter much whether 2 or $ is added to it. 
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and is called the “saturation current ” 
corresponding to the temperature. 


V.—Asymmetry. 

The obvious way of making the high 
vacuum tube into a rectifier is to provide 
one only of the electrodes with means of 
emission of electrons, the other electrode 
being left incapable of emitting them. 

Therein lies one of the chief advantages 
of this kind of apparatus over many of the 
other forms of rectifier that we have discussed 
—because the inactive electrode can be made 
totally inactive, and the “ inverse current ” 
made zero ; the device is a “ perfect rectifier ” 
or valve. 

This apparatus was originally given the 
name “ Kenotron,” whose Greek roots mean 
““ empty appliance.” 


VI.—Form of Electrodes. 


To provide for independent heating, 
accomplished most conveniently by passing 
an electric current through it, the active 
electrode is in the form of a filament, made 
of a refractory conductor, usually tungsten, 
as in the Tungar Rectifier. There are 
differences, however, the reasons for which 
will be discussed presently. 

The inactive electrode again is different 
from that in the Tungar type. In this latter, 
as in all rectifiers using a gas discharge, 
there is a tendency for the discharge to 
concentrate into a small volume, since this 
favours intense ionisation—this is the more 
noticeable the heavier the discharge, and 
increases also with increasing gas pressure. 
This tendency leads to a concentration of 
the electrodes into a small size (provided 
the necessary heat dissipation permits it). 

In the high-vacuum rectifier on the other 
hand these conditions are quite absent. 
In fact, due to their own mutual repulsion, 
the electrons drawn off from the heated 
filament tend to distribute themselves 
throughout the surrounding space—they 
being its sole occupants. 

It is partly on this account that the 
inactive electrode is shaped to enclose the 
filament as much as possible. In the larger 
sizes the wire filament is doubled or looped ; 
this enables both the end leads to be brought 
to one end of the rectifier (which is almost 
essential for a high tension rectifier) and 
simplifies the spring mounting that caters 
for the thermal expansion of the filament. 
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VII.—The Space Charge Effect. 


Let us now consider the results of applying 
a P.D. between the electrodes in the “ con- 
ductive ” direction, t.e., making the inactive 
electrode positive so that the electrons are 
“drawn off” from the filament. 

Reference has been made to the mutual 
repulsion of the electrons tending to give 
them a uniform distribution in space. This 
distribution of negative charges constitutes 
a “ space charge.” 

Actually the distribution is not uniform. 
The first reason for this is electric: neglecting 
for the time being the reaction of the “ space 
charge ” on the electric field, and assuming 
the latter is uniform in strength over the 
space between the two electrodes, the 
electrons will be subject to a uniform accelerat- 
ing force, with the result that their velocity 
will be proportional to their radial position 
or distance from the filament, and their 
density will be inversely proportional to 
their radius. 

A second reason, which is geometric, 
applies in the case of a filament lying along 
the axis of a cylindrical outer electrode ; 
assuming for the moment, the electrons 
move outwards with constant velocity, 
their density in space will be inversely 
proportional to their radial position. This 
effect is in the same direction as the other, 
tending towards a higher electron density 
(t.e., a higher value for the “ space charge ”) 
near the filament than further from it. 

Now we have met space charge before, 
in gas discharge devices, where it takes the 
form of a preponderance of positive 1ons— 
this occurring in close proximity to the 
negatively charged electrode and causing 
a high value of electric field and a large 
potential drop called the “ cathode fall.” 

In the high-vacuum rectifier however, 
the space charge is negative, and because 
there are no positive ions, it extends right 
up to the positive electrode. This gives 
rise in the same way to a considerable 
increase of the electric stress near this outer 
electrode. This can occur only at the 
expense of the electric stress in other parts 
of the field, in a manner similar to that 
occurring in the point and plate discharge, 
previously described—in fact, when the 
supply of eleetrons is copious and the P.D. 
between the electrodes is mot great, it 
commonly happens that the electric field 
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changes sign in the immediate vicinity 
of the filament. In other words there is a 
place near the filament where the absolute 
potential is more negative than that of 
the filament itself—it does not reach the 
filament potential and begin to grow more 
positive until a place is reached still farther 
from the filament surface. 

The most important result of this is the 
retarding effect of the reversed field at the 
surface of the filament which exerts a force 
on the electrons tending to drive them back 
into the filament instead of to draw them 
out. 

This condition of affairs can only be main- 
tained when the P.D. is high if the filament 
is strongly heated so that a sufficient pro- 
portion of the “thermions” are emitted 
with velocity enough to carry them over 
the “brow of the hill” represented by 
the negative to maximum of potential. 


VINI.—Inherent Stability of the Discharge. 


If the filament is not hot enough the 
retarding field succeeds in choking down the 
flow .of electrons between the electrodes 
(see Fig. 2); but it is this flow that main- 
tains the electron density, t.e., the space 
charge, which is turn is the cause of the 
retarding field. 

The two factors are not helping each other, 
but are in opposition over the whole range 
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of their variations. Therefore however one 
factor may be varied by an external agency, 
the other will adjust itself to the corre- 
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sponding value and will “stay put”—a 
condition of stable equilibrium will be attained. 

Herein lies a great advantage of the 
high-vacuum discharge over those dependent 
on gaseous ionisation—for these latter we 
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have seen behave in an unstable manner— 
until some additional factor is brought in 
to control their behaviour. 

The chief practical value of this feature 
is that it permits a number of the rectifiers 
to be operated in parallel, since they will 
automatically share the load in correct 
proportion without the use of special regu- 
lators, stabilising resistors or reactors. 


IX.—Effect of the P.D.—The Characteristic 
Curve. 

It follows from the emission characteristics 

dealt with in Section IV, that it is impossible 

to exceed the saturation current, no matter 


- how high the P.D. applied. 


For intermediate values of P.D. the current 
is limited by the space charge in the manner 
described above. The relationship is shown 
in Fig. 3—this is called the characteristic 
of the apparatus. Note that nowhere is 
there a negative slope, which would be 
indicative of instability in the discharge. 

It has been shown (by Child) that over 
this range the electron current is approxi- 
mately proportional to the 3/2 power of 
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the P.D. between the electrodes. It follows 
then that the expenditure of power in 
driving the electrons against their mutual 
repulsion varies approximately as the 5/2 
power of the P.D. Care has to be exercised 
however in applying this result in calcu- 
lating the losses, because the law is not 
fulfilled for the first and last portions of the 
characteristic. Thus when the P.D. across 
the rectifier is small compared with the 
drop along the filament due to the heating 
current, the effective value of the field 
becomes widely different for different parts 
of the filament. Another cause of dis- 
crepancy is the random distribution of 
velocity among the electrons given off by 
the hot filament. 


X. —Losses in the Rectifier. | 

The primary loss of power in the rectifier 
is that described in the last section. This 
loss appears wholly as heat at the inactive 
electrode, which, as a consequence, rises 
in temperature until its heat radiation 
becomes sufficient to produce equilibrium. 

There is also a secondary item of power 
on the debit side, viz: the power required 
to heat the filament. This item is inde- 
pendent of the load, and makes for poor 
efficiency therefore at light loads. Apart 
from this aspect though, whenever small 
powers are required to be rectified the 
filament power is found to be disproportion- 
ately large and this fact militates against 
the use of the thermionic valve for many 
purposes. Its real field of usefulness, 
from the efficiency point of view, lies in 
extra-high-tension work, such as the supply 
of steady power to X-ray tubes. 


XI. —Points of Design. 


It is assumed that from a knowledge of 
the load conditions of the rectifier system 
the power that must be dissipated by the 
inactive electrode can be determined. Now 
it has been specified as an essential con- 
dition for maintenance of rectification, that 
this electrode shall remain incapable of 
emitting electrons. This involves a definite 
limitation of its temperature, which is in 
direct opposition to the requirement that 
the temperature shall rise to dissipate the 
power as radiant heat (there being no 
convection in the high vacuum). In practice 
it is found that a bright red heat is per- 
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missible—for a tungsten or a molybdenum 
electrode the safe limit of temperature is 
about 1,600°*, which corresponds to a power 
dissipation of about IO watts per square 
cm. This figure leads automatically to the 
radiating area of the electrode. 


The shape of this electrode is the next 
consideration. Child has shown that for 
a given electron current, the potential drop 
in the rectifier, and hence the power loss 
due to space charge is proportional to the 
4/3 power of the distance between the 
electrodes, with the outer electrode as a 
fat plate; with it as a cylinder, it is pro- 
portional to the 2/3 power of the distance. 
From this it appears that when a large 
power dissipation necessitates a large 
electrode, the cylindrical form is the more 
efficient, since the loss increases less rapidly 
with increase in dimensions. On the other 
hand for small rectifiers handling a very few 
watts, the flat plate type is better, because 
the loss decreases more rapidly with decrease 
of dimensions. In practice a compromise is 
usually effected in the latter case—the outer 
electrode is made like a flattened cylinder 
(not elliptical, but with plane sides) and 
the filament is a broad “V” instead of 
having its limbs nearly parallel. 


The proportions of the outer electrode 
are partly dependent on the filament. 
Evidently the narrower the cylinder or the 
closer the plates the better from the point 
of view of space charge loss. In general 
there is a limit to the length allowable 
and this fixes a minimum diameter to give 
the predetermined radiating area. There 
is another consideration however which 1s 
of greater importance both in extra-high- 
tension rectifiers and in those of small 
dimensions. It is not possible to mount 
a filament accurately in the desired position 
—in practice there is a certain minimum 
error. The unbalanced electrostatic force 
on the filament is proportional to its per- 
centage eccentricity and to the field strength, 
both of which factors are inversely pro- 
portional to the cvlinder diameter or the 
plate separation. The degree of instability 
of the filament therefore varies inversely 
as the square of this dimension—so it is 
not safe to make it too small. 


still under o.o2mA cm2. 
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Similar considerations of mechanical 
stability control the proportions of the 
filament itself—the ratio of length to dia- 
meter should not exceed a safe figure. 

Their product, or the surface area, is 
predetermined by the maximum value of 
the current pulse that the rectifier must 
pass, once the working temperature has 
been decided upon. This latter factor is 
governed by the emission characteristic 
of the material just as with the other 
electrode—except that in this case the 
highest temperature possible is desirable. 
The practical limit is imposed by the useful 
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life of the filament—since as the temperature 
is: raised, atoms of the filament material 
as well as electrons evaporate PORO it, causing 
it to waste away. 


XII.—Conditions of Efficient Operation. 


Reference to Fig. 4 reveals certain facts 
concerning the supply of power to a steady 
D.C. circuit through a rectifier, two of which 
become of special importance when a 
thermionic valve is used. 
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First is the relatively small value of P.D. 
available for pumping the current through 
the rectifier and into the output circuit, 
as compared with the P.D.s on the input 
side. This makes it essential to ensure 
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that the space charge shall not impose any 
undue limitation, merely from the point 
of view of getting the current through, 
apart from the question of wasted power. 

Secondly there is the very high maximum 
value of the current as compared with its 
mean value (which latter is the value 
determining the power passed by the system). 
This makes it essential that there shall be 
no limitation imposed by sufficient emission 
not being available from the filament, if 
the full power is to be passed. 

Fig. 5 shows diagrammatically what 
happens in these two eventualities. 

When a thermionic rectifier supplies a 
resistance load or there is a considerable 
resistance drop in a filter circuit or a safety 
resistance, then insufficient filament emission 
involves serious consequences. For when 
the current. falls off, the resistance drop 
falls off; and the surplus P.D. comes 
across the rectifier automatically. The extra 
power spent in the rectifier as a result 
appears as heat at the outer electrode, and 
if this becomes too hot, rectification will 
cease and the “valve” will short-circuit 
the output and input on the reverse half 
cycle. (This may arise either from spoiling 
of the vacuum or from emission from the 
heated anode.) 

Should the design of the rectifier or the 
circuits in which it is used render this con- 
dition a safe one, then we find that the valve 
constitutes a very valuable safety device, 
in so far as it limits the amount of current 
that can be drawn from the output terminals 
in the event of a short-circuit. 
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Correspondence. 


Letters of interest to experimenters are always welcome. 


In publishing such communications 


the Editors do not necessarily endorse any technical or general statements which they may contain. 


Supersonic Patents, 
The Editor, E.W. & W.E. 


SIR,—We must apologise for again referring to 
the matter of our patents covering the supersonic 
principle of detection, but we do not think it would 
be just that Mr. C. E. B. Wilkins’ letter to you 
should contain the last word on the subject in 
your correspondence columns. 

We have no hesitation whatever in saying that 
Mr. Wilkins and his adviser’s interpretation of the 
patent law, as it exists in this country at the present 
time and applied to the matter under discussion, is 
erroneous. 

There is absolutely no doubt whatever as to our 
position and our rights in this matter, and, as stated 
before, while we are perfectly willing to grant a 
licence under this patent to anybody who asks for 
it and pays the royalty of 30s., we have every 
intention of proceeding against anyone who 
infringes the patent. 


Standard Telephones and Cables, Ltd., 
F. S. A. P. DISNEY, Secretary. 


Another Question of Nomenclature. 
The Editor, E.W. & W.E. 


SIR-—I was very glad to see the article by 
Prof. Howe in the February number of E.W. 6 W.E. 
If I may be allowed to use such a frivolous ex- 
pression, I should like to say that Prof. Howe's 
suggestion fills a long-felt want. 

The application of the term impedance to the 
expression dV/dI, however, is not the only way in 
Which this unfortunate word has been misused. 
As pointed out by Prof. Howe, its proper meaning, 
that is to say the meaning in which it has been 
used for many years in ordinary electrical literature, 
is to describe the quantity obtained by dividing 
the terminal voltage of an A.C. circuit by the 
current. Mathematically, the impedance is given 
by the equation: * 


Impedance= V R? + (Lw—1/Cw)?. 


It will be seen that this expression involves a 
combination of resistance and reactance, but in all 
cases it is a real quantity. 

In making a rigid analysis of alternating current 
problems it is necessary to take account not only 
of the magnitude of the various quantities involved, 
but also of their phase relationships. The use of 
imaginary quantities in this connection is very 
convenient, and the method consists in regarding 
reactance as an Imaginary resistance. The resist- 
ance R and the reactance 


{Lw—1/Cw} 
are then combined to form the complex quantity 
| R+j (Lw—1/Cw) |, 


and problems are dealt with by means of a 
gencralised form of Ohm’s Law which is extended 


* This formula is only for the case of resistance 
inductance and capacity connected in series.— 
G.W.O.H. 


to apply to the complex quantities which enter 
into the equations. 

The quantity / R+j (Lw—1/Cw) | 
has been referred to by various writers as ‘‘generalised 
resistance,” ‘‘ operator impedance,” “operator,” 
and so forth, and the appearance of these varied 
titles to describe a quantity which is constantly 
occurring in the mathematical work is a source of 
some annoyance to the ordinary reader. But 
when our old friend “ impedance ”’ is added to 
this list of titles the present writer feels that it is 
time to record a protest. The use of several titles 
for one mathematical expression is bad enough, 
but to use the same word to describe several different 
and inconsistent ideas is to invite muddle and 
confusion. The writer has therefore been roused 
by Prof. Howe’s example to place on record this 
protest against any extension of the meaning 
which has always been attached to the word 
impedance. It remains to suggest a suitable title 
for the expression already referred to. 

In ordinary algebra x and y are employed as 
variables, and in standard mathematical works 
dealing with the properties of the operator (¥+7y) 
it is commonly referred to as a complex variable. 
No departure from accepted nomenclature is there- 
fore involved in calling 

{R+j(Lw—1/Cw)} 
a complex resistance, and it is suggested that this 
title is both convenient and descriptive. The 
writer ventures to hope that it will be generally 
adopted. K. E. EDGEWorTH, Lt.-Col. 
Dame Melba’s Farewell. 
The Editor, E.W. & W.E. 


Sir,—Amid the sadness of bidding good-bye 
to so many good friends of mine up and down 
the country it has been a pleasure to note almost 
everywhcre a quickening in musical appreciation. 
To-day there are gratifying signs that the British 
audience begins to hear as well as listen; and if 
the result is to be a musical revival the credit 
for it will be due in no small degree to men like 
Halle, Henry Wood, Eugene Goossens, Landon 
Ronald, Albert Coates, Hamilton Harty and a 
number of other pioneers in London and certain 
provincial centres. 

Yet mainly, so it seems to me, the secret of this 
new interest is to be found in the astonishing 
enlargement of the audience for music accomplished 
by the gramophone and broadcasting. Although 
I believe I was the first prima donna to make a 
gramophone record and the first to broadcast, I 
have not, whilst recognising the possibilities of 
these devices, ever accepted either of them un- 
critically, and I am well aware of the flaws in 
wireless as that science is practised to-day. But, 
just as I have followed the gradual perfecting of 
the gramophone, so I think one may look forward 
to like improvements in wireless. Broadcasting 
and the gramophone are certainly the two most 
eloquent missionaries to the musical heathen in 
our midst. 


London, S.W.1. NELLIE MELBA. 
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From the World's Wireless Journals. 


Abstracts of Technical Articles. 


R000.—GENERAL PRINCIPLES AND THEORY. 


Ro4o.—NOTES ON WIRELESS MATTERS—L. B. 
Turner. (Electrician, 8th January, 1920.) 


A brief review of technical progress in 1925. 
Low-powered short-wave communication is first 
considered, including the Government stations 
under construction by the Marconi Company. 
Tuning-fork control of radiated frequency is then 
reviewed, with reference to the arrangement which 
has been in use at Northolt for some time and to 
the same plan in use at the new Rugby Station. 
The author then considers the interference pro- 
blem in broadcasting, and the conditions to be 
fulfilled for non-interference. After a brief note 
on Transatlantic telephony, the paper concludes 
by reviewing recent research work, more especially 
on the upper ionised layer and its effect on propa- 
gation. 


R100.—GENERAL PRINCIPLES AND THEORY. 


RI13.—AN INVESTIGATION OF TRANSMISSION ON 
THE HIGHER RADIO FREQUENCIES.—A. Hoyt 
Taylor. (Proc. I.R.E., December, 1925). 


The chart is a preliminary attempt graphically 
to summarise ranges for wireless telegraphic com- 
munication at various frequencies, with 5kW in 
an average aerial and for communication between 
points on the same meridian. For East and West 
or other lines of communication account of time 
difference (and transmission conditions) must be 
taken. The chart covers the ranges for 3,000 
metres down to 15 metres and shows values for 
daylight and for night in summer and in winter, 
with references as to regions of unreliable com- 
munication, insufficiently explored, etc. The chart 
is based on experimental data of the U.S. Naval 


Laboratory, amateurs, commercial and other 
government sources. 
R113.—DIAGRAMME DES CHAMPS ELECTRIQUE 


MESURES A MENDON, PENDANT LE DEUXIEME 
TRIMESTRE, 1925.—U.R.S.I. Communication. 
(Onde Elec., December, 1925). 


Five curves showing measurements of signal 
strength in microvolts-per-metre, made at Mendon 
on the following transmitting stations—Lafayette 
(Bordeaux) on 18,goom.; Nantes on 9,000M. ; 
Rocky Point on 17,610m.; Rome on 10,860m., 
and Leafield on 12,350m. The curves shown are 
the ninth group to be published in this manner by 
U.R.S.I. 


R113.1.—REMARQUES ET HYPOTHÈSES SUR LE 
“FADING. ”—L. Deloy. (Onde Elec., Decem- 
ber, 1925). 

The author refers to the apparent freedom of 
long waves from fading, and discusses the effects 
on short wave-lengths, quoting his own experiences 
(n 1923) on Transatlantic communication with 
small power on about 100 metres. He suggests 
that it seems probable that fading affects all wave- 
lengths, but in a different manner according to 


their length. He refers particularly to the dis- 
tortion of modulation on the short waves of 
KDKA, and suggests that it may be due to a 
fading with a period of a fraction of a second. 
Accordingly it is suggested that, on several thou- 
sand metres, the period of fading might be of the 
order of several hours; on a few hundred metres, 
as has been widely observed, it is of the order of a 
number of seconds; on a few “tens” of wave- 
lengths the fading would have a period of only a 
small fraction of a second. Such rapid fading is 
difficult to note, and irregularity observed may 
often be attributed to variations of modulation. 
It is suggested that a pure C.W. emission should 
be observed and measured (at a distance) by means 
of an oscillograph to detect rapid variation. 


RI 1 3.1.3.— DIRECTION AND [INTENSITY CHANGES 
OF RADIO Waves.—Dr. C. H. Bidwell. 
(J. Franklin Inst., january, 1926.) 


An account of measurements made in May and 
in August, 1925, on simultaneous observations of 
directional and intensity variations of signals in 
May from KDKA and in August from WGY. 
Result curves for both types of variation are given. 
The smoothed means show definite correspondence 
between the fluctuations in both, in some cases 
directional variation crests corresponding to inten- 
sity variation crests, and in others directional 
crests coinciding with intensity troughs. From 
these facts it is concluded that both changes are 
due to the same cause, which is meantime a matter 
of speculation. Changes in the height and contour 
of the Heaviside layer are suggested as possible 
explanations. 


R125.1.—A NEW DIRECTIONAL RECEIVING SYSTEM. 
—H. T. Friis. (Proc. I.R.E., December, 
1925). 

A description of a unidirectional receiving 
system, suitable for the directional elimination of 
interference and atmospherics rather than for 
experimental direction finding. The method con- 
sists of the use of two receiving loops (as in Fig. 1) 
placed , of a wave-length apart. The mid points 
of the loops are earthed to reduce antenna effect, 
only half of each loop being effectively used. 
Supersonic heterodyne reception is employed, each 
loop being joined to the input of a separate first 
rectifier valve, whose anode outputs are commoned 
and handed on through an intermediate frequency 
band-filter to the usual supersonic arrangements. 
The beating oscillation is apphed to the signal 
from one of the loops by way of a crossed-coil 
phase-shifting transformer, so that any phase 
may be selected to obtain the unidirectional polar 
move. This curve is of the form shown im Fig. 2. 
A short-wave set (t.e., up to 600 metres) is described 
and illustrated. The coils are mounted on the 
ends of a turntable, with the receiving gear housed 
at the centre. Experimental results on the reduc- 
tion of interference are quoted. A long wave 
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(5,000-6,000 metres) set has also been used, without 
turntable facilities, since such a set would gener- 


TO LF. 
FILTER 


Fig. r. 


given. The adaptation of the System to the case 
of a single loop and a “ condenser antenna ” for 
the ordinary heart-shaped diagram is also described. 
The advantages claimed for the two loop system 


NZ 


interference, with simple adjustments for 
the reduction of atmospheric or other interference. 


R133.—ETupE ANALYTIQUE DE L'EMISSION ET 


DE LA MODULATION PAR LAMPES TRIODEs. A 


—R. Maillet. (Onde Elec., December, 192 5). 


A lengthy theoretical and mathematical articie 
on the valve as a power oscillator and modulator 
from the large bulk of mathematics, it is not very 
suitable for abstract. It is pointed out that the 
of the valve Oscillator is 


the associated Circuits, 
those of the valve itself, and phase angles. 
and i 

Grid 
deals with the use of the tables. 
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modulation is then considered and expressions are 
given for various methods of modulation, e.g., 
absorption, variation of mean grid potential, 
constant current, constant voltage, etc. Further 
tables are given for calculation. Lastly the case 
is considered of transmitters with independent 
extension, t.e., master oscillator control, including 
the case of modulation on the voltage of the 
control oscillator valve. 


RI33.—AU SUJET DU RENDEMENT DES TRIODES, 
—Dr. B. van der Pol and K. Posthumus. 
(Onde Elec., December, 1925). 


A short contribution arising out of a previous 
article by the same authors (abstracted in E.W. & 
W.E., October, 1925). The present article con- 
Siders the influence of the shape of the anode 
current on the output and power of a valve oscil- 
lator. Diagrams i 


a rectangular shape of anode current. It is shown 
that for a given input power the rectangular is the 
optimum shape. 


R134.—THE RECTIFICATION oF SMALL RADIO 


FREQUENCY POTENTIAL DIFFERENCES By 
MEANS OF TRIODE VALVES.—PART II].— 
F. M. Colebrook. (E.W. & W.E., January, 
1926). 


LI 

R134.4.—AN ANALYSIS OF REGENERATIVE AMPLI- 
FICATION.—V. D. Landon and K. W, 
Jarvis. (Proc. GRE. December, 1925.) 


An important paper on the principles and use of 
reaction as an i y in a receiver., 
After criticising the defects of the usual methods 
of treatment, the authors develop an explanation 
The reasoning is first 
applied to the case of a stage of tuned anode 
capacity-coupled, with reaction from the detector 
anode back to the tuned anode Circuit, but the 


how these are modified when reaction is applied. 
The reasoning is well illustrated by curves. i 


A signal 
losses from occurring, thus upsetting the power 
balance between the power supplied by the reaction 
it. This 
to occur, so that effectively 
reaction consists of Self-oscillation started and 
controlled by the signal. The limit of amplifi- 
cation obtained in this way is due to variations in 
the anode and grid impedances, as the amplitude 
of the grid voltage increases. The effect of these 
variations in terms of power losses are shown in 
Curves. The effect of a grid-leak and condenser 


for the differe ce when 
i sle 
Ò` 
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audio frequency output from the detector is con- 
sidered. Resistance im the grid circuit decreases 
the amplification by increasing the effect of the 
impedance variations. The effect of reaction upon 
distortion is considered and it is shown that a low 
L;C ratio may cause a loss of high notes if a weak 
signal is being received with full reaction. It is 
Shown that amplification, due to the effect of 
reaction, still occurs even when tbe valve is in 
a condition of weak self-oscillation, this applying 
both to audible beating and zero beating. Zero 
beating is illustrated by a series of vector dia- 
grams. Lastly the sharpening of tuning due to 
reaction is considered. 


R200.— MEASUREMENTS AND STANDARDS. 


R281.—THE DESIGN AND USE OF AN AIR Con- 
DENSER FOR HIGH VOLTAGES.—Dr. E. H. 
Rayner. (Journ. Scien. Insts., December, 
1925 and January, 1926). 

A paper dealing with the use of a loss-free air 
condenscr for bridge measurements, more especially 
where an accurate knowledge of phase angle is 
important. It is pointed out that such a con- 
denser can move easily be made free from stray 
effects than can a resistance be made free from 
capacity, or inductance effects. An air con- 
denser of concentric tubular design is described 
and illustrated, for use in bridge measurements 
at 50 cycles and 10,000 to 30,000 volts. The 
methods of use and precautions necessary are 
dealt with, and results are given for two methods 
of measurement of very small power factor, t.e., 
of the order of 0.009. 


R281.—TENTATIVE DIRECTIONS FOR THE DETER- 
MINATION OF THE ELECTRIC STRENGTH OF 
SOLID DIELECTRICS. (J.I.E.E., January, 
1926). 

A report from the British Electrical and Allied 
Industries Research Association. The main text 
deals with the general arrangements of dielectric 
tests and the varied conditions to be met in 
practice. Appendices deal with details of different 
cases. A section of text and a lengthy appendix 
are devoted to tests at wireless frequencies. It is 
pointed out that dielectric loss at high frequencies 
causes the breakdown voltage at such frequencies 
to be lower than at alternating power frequencies. 
The heating resulting from dielectric loss is often 
sufficient to render the material incapable of func- 
tioning as an insulator. Loss of insulating pro- 
perties at radio frequencies may therefore occur 
without any evidence of definite puncture. Appen- 
dix VII. deals with the Determination of the 
Electrical Characteristics of Insulating Materials 
at High Frequencies. Two H.F. tests are dealt 
with in detail. (1) Power Factor and Permitivity 
and (2) High Voltage Failures. Under (1) two 
valve generating sets are illustrated and described 
for various wave-lengths, to be used with a measur- 
ing circuit shown, in which the material under test 
is used as a dielectric for a condenser. Details 
are given of circuit constants and methods of test, 
with expressions for the equivalent resistance of 
the specimen, and for its power factor and permi- 
tivity. Test (2) deals with electrical failures and 
flash-over voltages at high potentials of wireless 
frequencies. A circuit for such tests is shown, 


IQI 
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with remarks on test conditions, and details of 
tests for failure through the material or across the 
surface of the material. 


R300.—APPARATUS AND EQUIPMENT. 


R342.4—A New REFLEX CIRCUIT.—L. W. Hatry. 
(Q.S.T., January, 1926.) 

The article first deals with the general principles 
of reflex circuits, including the distortion due to 
incorrect L.F. transformer constants, and the 
effect of by-pass capacities. The author then 
considers the exclusion of radio frequency from 
the reflexing L.F. transformer. The arrangement 
recommended is that of parallel H.F. and L.F. 
inputs to the first valve (as shown in Fig. 1), with 


Fig. I. 


the “ stopping condenser '' and radio frequency 
choke to keep the H.F. component out of the L.F. 
transformer. The complete circuit of Fig. 2 18 
then shown, where the “ stopping condenser ” is 
shown, dotted at the filament end of the H.F. 
circuit. The following values are given :— 


0 


G TELEPHONES 
s—----4 


Fig. 2. 


S, wound in two sections of 25 turns No. 22 D.C.c. 
on 3-inch tube. 

P, 20 turns wound on the same former as S,. 

S, 45 turns No. 22 D.S.C. on 3-inch tube. 

P, 25 turns No. 30 D.s.C. inside S,. 

R.F.C. 500 turns on spool “ lump wound ” 32-36 
wire. 

C, and C, .oorpF. 

Cs stopping condenser 50ppF. 


A three-valve reflex on similar lines is also shown. 
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R342.6.—UN AMPLIFICATEUR A RESONANCEs Mut- 
TIPLES ET A AMORTISSEMENT REGLABLE. 
—M. Jacquet. (Radio Revue, November 
December, 1925.) 


The article reviews some of the means of stabi- 
lising and handling several Stages of H.F. amplifi- 
cation. As regards the difficulty of tuning several 
Stages, the use of Switching is advised, using first 
aperiodic stages and introducing the tuned stages 
one after the other. As regards the tendency to 
self-oscillation the use of a 
across the (tuned anode) circuit is recommended, 


spacing 
connections in each Stage, separation of the input 
and output circuits of each stage, and arranging 
the coils of successive positions at right angles to 
each other. 


R343.6.—SuPER-HETERODYNE RADIO RECEIVERS. 
(Electrical Review, Ist January, 1926.) 


An abstract of a aper read before the Junior 
Institution of Engineers by Mr. A. E. Bowyer- 
Lowe, dealing with practice of 
Supersonic reception. After a brief review of the 
Position as regards patent priority, the lecturer 
dealt with the production of the intermediate 
frequency and the design of a transformer to pass 


R345.—ETUDE DE DEUX SYSTÈMES DE Mopv- 
LATION SUR LA PLAQUE.—( Radio Revue, 
November—December, 1925.) 


A review of the ‘ 
stant currents ” 
Systems are illustrated and explained, and 
relative advantages are discussed. 


R351.—PRACTICAL CRYSTAL CONTROLLED TRANS- 
MITTERS.—W. J. Lee and Ja M.: Clayton. 
(251, January, 1926.) 


Descriptions of the arrangements of crystal con- 
trolled transmitters, one system (W. J. Lee) using 
D.C. supply, the other tbe M: Clayton) obtaining 


Fig. 1. The 
reference to 


Lı and L4 usual I00-turn radio frequency chokes. 

E * sensitising ” inductance of 60 metres 
natural period. 

L, 20-turn 34-inch space wound inductance. 

Ls 20-turn 6-inch edgewound copper ribbon. 

Le 11-turn 3-inch No. 16 insulated wire. 

Ry 5,000 ohms. 
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R, 45 volts. 

CO Piezo crystal. 

Cı Cs Cg .002 " stopping ” condensers. 

C2, Cs .0004 variable air condensers. 

Cg .00025 variable (neutralising) air condenser, 
Cz; Ca -O0025 variable air condensers. 


400 V. 2000 V. 
~O O + ~O Oo + 
ug LS 


"l 


ee 


Fig. ı. 


The set illustrated is “for 40 metres. The “ 
tising ” inductance L, assists the crystal to oscil- 
late and it is stated that this should have a natura! 
wave-length about one-third higher than that of 
the crystal. The A.C. set uses substantially 
similar general two valves 
working in each position (control oscillator and 


The mounting 
of the crystal and the assembly of the apparatus 
at each of the stations is illustrated. 


R355.5.—THE Epom RECTIFIER AND FILTER.— 
R. S. Kruse. AS, T:. January, 1926.) 

The rectifier described is rather similar to the 

Raytheon rectifier referred to in abstract in 

E.W. & W.E. for January, 1926. A large cathode 

supplies two point anodes, each dealing with 


= + AMPLIFIER 
uj 

HL 

J 

u. + DETECTOR 
= 
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œ 

L. — 

— GRID BIAS 


Fig. 1. 


Opposite half cycles to give double wave rectifi- 
cation. The ionised gas is Argon. 


tappings, as shown in Fig. 1, for the provisions of 
intermediate H.T. to the detector and for grid- 
bias. 
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R355.5—THE TONE METER—L. F. Wolf. (Q.S.T., 
January, 1926.) 

An article dealing with the measurement of 
the ripple which still exists when high tension 
supply is obtained by rectification from an A.C. 
source. The arrangement suggested is to use a 
low reading A.C. voltmeter in series with a blocking 
condenser, joined across the H.T. mains. The 
condenser isolates the D.C., permitting A.C. 
voltage to be read. The calculation of the alter- 
nating component is illustrated. 


K374.5.—PROPRIETES DETECTRICES DU BIOXYDE 
DE PLOMB.—J. Cayrel. (Comptes Rendus, 
28th December, 1925.) 


A piece of lead bioxide from an accumulator 
plate, or a film of that substance formed electro- 
lytically on the surface of a plate of lead, platinum 
or carbon shows strong detection properties under 
certain conditions. The rectified current is in 
the direction bioxide to point. Points of 
aluminium, magnesium, calcium, zinc or tin gave 
best detection; points of platinum, gold, silver, 
nickel, copper or iron require extremely light con- 
tact. A rubbing contact also gave good results. 
Detection ceases when the current at the detecting 
electrode passes a certain limit. For feeble 
currents an electrode of greater surface (of the 
order of a centimetre square) may replace a point. 


R370.—THE THEORY OF THE TELEPHONE RE- 
CEIVER-—W. H. Ingram. (J. Franklin 
Inst., December, 1925.) 


A mathematical treatment of various theories 
on the telephone receiver. The paper is mot 
readily amenable to abstraction. 


VARIABLE 


R381.4.— NOTES ON THE LAWS OF 
Grithths. 


AIR CONDENSERS.—W. H. F. 
(E.W. & W.E., January, 1926.) 


R382.1.—DESIGNS AND EFFICIENCIES OF LARGE 
AIR Core INDUCTANCES.—W, W. Brown 
and J. E. Love. (Proc. I.R.E., December, 
1925.) 

A paper dealing with large tuning inductances 
for transmitters. The design of outdoor coils is 
first considered, a porcelain spacing block for the 
winding is illustrated, and the use of the block to 
secure various windings is discussed. Various 
modern outdoor coils are shown in photograph, 
and efficiency test results quoted. The construc- 
tion of coils for indoor use is then discussed and 
illustrated. Losses in the coils are considered and 
an expression is given for conductor eddy current 
power factor, with graphs for the calculation of 
the ohmic and eddy current conductor power 
factors of coils wound with finely stranded Litzen- 
draht. 


R382.5.- AN EFFICIENT TUNED RADIO FRE- 
QUENCY TRANSFORMER. F. H. Drake and 
G. H. Browning. (Proc. 1.R.I:., December, 
1925.) 

The paper discusses theoretical details of H.T. 
transformer coupling, with tuned secondary and 
untuned primary. The circuit is reduced to its 
“ equivalent ” form and an expression deduced 
for the maximum overall amplitication in terms 
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of calculable circuit constants. Curves show this 
value against coetticient of coupling (between the 
transformer coils) for various wave-lengths in 
the broadcasting band, e.g., 300, 400 and 500 
metres. The construction of a transformer from 
these considerations is then discussed. It is 
pointed out that capacity coupling between the 
coils must be kept down to negligible value, while 
at the same time a large value of inductive 
coupling coetficient is desirable. The transformer 
evolved had a secondary of 65 turns of No. 20 
D.C.C. copper wire, wound on a tube of 4 inches 
diameter. The primary had 20 turns of No. 28 
D.c.c. wound on a cylinder fitting tightly into the 
secondary, with the primary at the centre of the 
secondary. The behaviour of the transformer in 
operation is then discussed, first with reference to 
its reactance in circuit, sharpness of resonance and 
the control of stability. The circuit illustrated is 
the conventional one, with potentiometer for 
control of oscillation. Experimental verification 
of the calculated results is then described and illus- 
trated graphically. A summary of design formule 
concludes as follows :-— 

(1) To compute L,, the inductance of the trans- 
former secondary, let Ag be the minimum wave- 
length desired to tune. Then L, in mullihcnrtes — 
5 X 10-8 Ao?. 

(2) To satisfy the relation 

M _ Rp 4 R, 
V LiL: Ljw Lew 
(where Rp is the anode impedance), assume 


/M/L,L,=0.5, and substitute the value of 
R»;/L,w. Knowing the anode impedance of the 
valve and the mean frequency to which it is desired 
to tune, L, can be computed. 

(3) The secondary tuning condenser should be 
“low-loss” and of proper capacity to cover the 
wave-length band desired. 


R500.- -APPLICATIONS AND USES. 


R514.--NEw METHOD OF DIRECTIONAL CONTROL. 
—P. D. Tyers. (Electrician, 8th January, 
1920.) 

An arrangement to assist a moving station 
(e.g., ship or aeroplane) in maintaining a course 
on a fixed transmitter. A tuned frame aerial is 
joined to a high-frequency amplifier followed by 
a detector in whose anode circuit is joined a milli- 
ammeter. The usual scale is removed from the 
instrument and replaced by a rotatable disc with 
a zero line marked on it. The frame is to be 
oriented for the null position on the required trans- 
mitter, and the disc rotated to bring the zero line 
to the pointer. So long as this course is main- 
tained the pointer will remain on the zero line, 
but will depart from it on deviation from the course 
when an E.M.F. will be induced in the loop, and 
the resultant P.D. applied to the detector grid 
will produce a change of anode current. 


R520.—WIRELESS ON AIRCRAFT (Electrician, 30th 
October, 1925). 


The article gives a general description, with three 
photographic illustrations, of aircraft wireless 
apparatus made by the Marconi Company. The 
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various sets are prefixed by AD followed by a 
number denoting the type. AD4 is an aircraft 
D.E. set 600 to r ooo metres, with 8-valve am- 
plifier. AD5 is a Ioo-watt telephony transmitter, 
with an aerial fixed to wings and fuselage. The 
receiver consists of tuner 70 to I40m., with a 7-valve 
amplifier. AD6 is an all-purpose 150-watt set, with 
receiver, for telephony or telegraphy. AD6a is 
similar but of smaller tuning range for commercial 
communications. AD7 is a 50-watt set, for 
artillery-co-operation aircraft on 200-600m., with 
receiver and 4-valve amplifier in a separate box. 
ADS is a 500-watt set for large aircraft, giving a 
range to ground stations of 200-300 miles. The 
transmitter and receiver are separate units, the 
former covering 600-1 500 metres, and the latter 
600-4 000 metres. Ground receiving set ADIO is 
for portable use with artillery, using an easily 
erected 50 ft. mast. ADir and AD11A are 40 and 
100-watt transmitters respectively for aircraft sig- 
nalling to ADto on the ground. A receiver of the 
ADO type can be added if required. An aircraft 
testing set is also illustrated, enabling the wireless 
maintenance staff to make routine ground tests of 
the aircraft sets, both transmitting and receiving. 


R555-—THE PACIFIC COAST STANDARD FREQUENCY 
STATION.—H. H. Henline (Q.S.T., Novem- 
ber, 1925.) 


A description of the station at Stanford Uni- 
versity, California, for the transmission of standard 
frequencies for the Pacific Coast, in conjunction with 
the Bureau of Standards. Two transmitters are 
described with photographs and circuit diagrams. 
One covers the range 120-1 500kC. (2 400 to 
200 metres) and the other 1 500 to 6 oookC. (200 
to 50 metres). The longer wave set is controlled 
by a master oscillator, while the short wave set 
is a 250-watt tube used directly with a Hartley 
circuit. Two aerials are used, one of 150 ft. length, 
85 ft. high for frequencies of 125 to 1 oGOKC., the 
other 25 ft. long for 1200 to 6000kC. Two 
counterpoises are also in use, both together for the 
shorter and one only for the higher frequencies. 
Very complete details are given of the value of the 
various circuit constants. 


R582.—THE Voss PICTURE TRANSMITTER.—R. S 
Kruse (Q.S.T., January, 1920.) 


An account of a description from Radio-Umschau. 
The transmitter employs a photo-electric cell to 
modulate the output of a valve working to aerial 
or to a line. At the receiver use is made of an 
X-ray tube with a control grid in the path between 
the cathode and anode. A short description is 
given of the mechanical arrangements. 


R582.—PRACTICAL PICTURE TRANSMISSION,—T. P. 
Dewhirst (Q.S.T., December, 1925.) 


A description of two popular picture transmitters 
now available for amateur use. The cylinders for 
transmission and reception are motor driven, the 
larger set having a synchronising device. The 
transmitters may be applied to existing C.W. or 
1.C.W. wireless transmitters, circuit diagrams for 
their application being given. The receiving por- 
tion can similarly be used with a standard receiver 
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output giving a strong signal. Alternative arrange- 
ments of extra amplification, if required, are 
illustrated. Reception of the picture can be 
effected by carbon paper, with ink, or with a pre- 
pared electrolytic paper. 


R600.—STATIONS: DESIGN, OPERATION AND 
MANAGEMENT. 
R611.—THE RuGBy RADIO STATION.— (Electrician, 
11th December, 1925.) 


A short general account of the new Government 
station. The aerial system is described with a 
bird's-eye sketch of the layout showing the various 
dimensions. The general arrangements of the 
radio transmitter then follows, with an explanatory 
skeleton diagram. This apparatus falls into the 
groups: Tuning fork control unit, intermediate 
amplifying stages, power amplifier, and inter- 
mediate and aerial circuits. The power. plant is 
described, and the whole article is well illustrated 
with photographs of mast, power plant, valve 
units, etc. 


R611.—RUGBY RADIO STATION.—A. S. Angwin 
and T. Walmsley (Electrician, 18th Decem- 
ber, 1925.) 

An abstract of a paper to be brought forward 
for discussion at the Institution of Civil Engineers. 
The paper sets forth considerations governing the 
selection of the Rugby site and describes the lay- 
out of the masts and buildings. Information is 
given on the design and construction of the masts, 
and of the calculations of stresses, etc., involved 
in the staying. The aerial and earth systems are 
dealt with, with a brief description of the power 
plant and water-cooled valves. The concluding 
portion of the paper describes tests upon masts, 
stay-sockets and insulators. 


R612.—TRANSMISSION SUR ONDES COURTES.— 
G. Archer. (Radio Revue, November— 
December, 1925.) 

An addition to previous communications on 


the subject of short-wave transmission. ln this 
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A.C. LT SUPPLY 
Fig. 1. 


article details are given of the radio transmitter, 
the modulating circuits and the aerial arrange- 
ments. The transmitter circuits are as shown in 
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Fig. 1. L.T. and H.T. being supplied by A.C. and 
suitable transformers. The arrangement shown 
is for telegraphic transmission ; if the power be 
too great for operation of the key at the position 
shown, it may be moved to between the junction 
of the H.T. and L.T. leads. The resistance R 
is formed by two valves, and two alternative 
schemes of modulation and amplification are shown 
for applying modulation across R for telephony. 
One arrangement uses transformer coupling and 
the other resistance and condenser coupling. The 
conclusion of the article deals with the aerial and 
earth or counterpoise arrangements which have 
been used on wave-lengths of 30 to 105 metres. 


R612.—IMPERIAL WIRELESS COMMUNICATION.— 
(Electrician, 15th January, 1926; Electrical 
Times, 14th January, 1926.) 


Both articles are descriptions of the beam 
stations nearing completion at Bodmin and Bridg- 
water, with notes on the masts, power arrange- 
ments, etc. The Electrician article is illustrated 
by photographs of masts and station plant. 


R615.12.— POINT-TO-POINT RADIO TELEPHONE 
INSTALLATION IN SOUTHERN PERSIA. — 
F. Tomlinson (Electrical Communication, 
October, 1925). 


A description of a wireless telephone system 
erected by the Western Electric Co. in Southern 
Persia. Local conditions rendering landline com- 
munication impracticable, radio telephony was 
finally chosen, with automatic calling and the 
simplest possible controls in the absence of skilled 
operators. Descriptions with circuit diagrams and 
photographs are given of the radio transmitter, 
the radio receiver, and the automatic signalling 
equipment. i 

The transmitter employs choke control modula- 
tion, using two oscillator valves, two modulator 
valves and one stage of amplification between 
microphone and modulator. The receiver provides 
for two stages of transformer coupled H.F. ampli- 
fication with detector and one L.F. stage. One- 
way or two-way speech is provided for. In the 
simplex case, a push button beside the desk stand 
microphone operates a relay which provides the 
necessary aerial change over, and negatives the 
transmitter grids during reception. In the duplex 
case wave-lengths differing by 100 metres are used 
at transmitter and receiver, with appropriate 
rejector or wave-trap circuits between the receiving 
aerial and the amplifier. 

For automatic calling the transmitter carrier- 
wave is modulated at 135 cycles, interrupted by a 
selector key to produce a pre-arranged code of 
impulses by means of a toothed wheel, clockwork 
driven. A double-throw key transfers the radio 
transmitter to the interrupter unit in the “ Ring ” 
position, and to the ordinary speaking circuits 
when thrown to “Talk.” At the receiver, the 
135 cycle modulation is received and amplified in the 
usual manner, passed through a transformer with 
peak at 135 cycles and finally fed through a condenser 
to an A.C. relay whose reed is tuned to this fre- 
quency. This relay operates a further system of 
relays and finally a selector unit which closes the 
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local circuit of a bell when the correct code of 
impulses is received. Undesired signals and atmos- 
pherics are stated to have practically no effect, 
and regular commercial communication is given 
between two stations and also between each station 
and a spark station about 150 miles from each. 


R800.—NON-RADIO SUBJECTS. 


R616.57.—SMALL BROADCASTING APPARATUS.— 
(Electvician, 8th January, 1926.) 


A short description of the Marconi 1ooW. 
type Q. broadcasting transmitter for use as a 
main or relay station in a small area. Four 
oscillating valves are used, with up to four stages 
of modulation amplification. The valves through- 
out are type L.S.5, all voltage supplies being from 
batteries. The microphone is of carbon type, 
aperiodic at all audio frequencies and free from 
packing. A magneto gramophone attachment 
can also be used. 


621.382.385.— REVIEWS OF PROGRESS — TELE- 
GRAPHY AND TELEPHONY. —W. Cruickshank 
(J.1.E.E., January, 1926). 


A general review of line communication at home 
and abroad, dealing more especially with new and 
immediately future developments. A section of 
considerable interest to wireless readers deals 
with voice-frequency telegraphs, and describes 
systems in use in U.S.A. and Germany, with a note 
on experimental trials in England. In the American 
system ten different frequencies—each a multiple 
of 85, beginning with 425 and increasing by steps 
of 170—are used to give ten channels of communi- 
cation on one line. The frequencies are supplied 
by alternators, filtered before application to the 
line, and are filtered and amplified at the receiving 
end, each frequency operating its own relay. The 
German system uses valve generation, with four 
electrode valves at the receiving end. The system 
is advantageous for use on underground telephone 
networks, and the standard telephone repeaters 
can be employed with it. The section on telephony 
deals particularly with automatic telephones, both 
here and in U.S.A., and with the international 
telephone system of Europe and the improvement 
of underground cables. 


621.314.—-CONSTRUCTION DES TRANSFORMATEURS. 
— P. Poirette (Radio Revue, November— 
December, 1920). 


A continuation of a previous article on the 
principles of the transformer. The article under 
abstract deals particularly with small power 
transformers (e.g., of the order of r2o watts) at 
commercial frequencies. The requisite flux and 
the dimensions of the iron are discussed, and the 
losses due to eddy currents and hysterics are shown 
graphically. The windings are then considered, 
with expressions for the winding space, number 
of turns, etc., and for the total losses (copper and 
iron) and efficiency. The latter part gives detailed 
calculation of a step-down transformer (as for 
accumulator charging), r.e., 100 volts to 12 volts 
Io amperes at 50 cycles. The expressions pre- 
viously derived are used for the specific case, 
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Some Recent Patents 


AERIAL SEPARATION. 


(Application date, 20th October, 1924. 
No. 242,759.) 


A rather interesting method of operating a 
receiver at some distance from an aerial is claimed 
in the above British Patent by W. Rawsthorne. 
The object of the invention is to transfer the 
energy from an aerial circuit to the input circuit 
of a receiving system over some considerable 
distance with a minimum loss. ln order to bring 
about this condition it is proposed to reduce the 
voltage over the transmission area and increase 
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the current by means of transformers. The basic 
idea of the scheme is indicated diagrammatically 
in the accompanying illustration, in which the aerial 
circuit L comprises part of the primary winding 
of a step-down transformer, the secondary Sı of 
which is connected to the transmission lines T. 
The other ends of the transmission lines are con- 
nected to the primary P2 of a step-up transformer, 
secondary S2 of which constitutes the input 
circuit of the receiving system. The specification 
is fairly detailed, and provides for several modifi- 
cations and additions, such as the introduction 
of amplifiers at any point, and also the introduction 
of tuning arrangements at any point. The circuit 
shown in the accompanying diagram, of course, 
does not appear in the least novel, as it resembles, 
for example, the early Marconi multiple tuner, 
but the novelty of the invention lies essentially in 
the method of carrying it into effect, and the 
relative positions and values of the components 
indicated, 


a 
— 
~ 


PREVENTING SELF OSCILLATION. 


(Application date, 24th May, 1924. 
No. 243,038.) 


A very broad claim is made in the above British 
Patent by J. Scott-Taggart for the use of a series 
of critically tuned stages in an amplifier between 
which are interposed damped or semi-aperiodic or 
totally aperiodic stages. The idea of the invention 
can be gathered by reference to the accompanying 
illustration, which shows a normal high frequency 
amplifier coupling two stages of radio frequency 
amplification, the last valve being used as an 
accumulative grid rectifier. The anode circuit 
of the valve Vi contains an impedance L, while 
the anode circuit of the valve V2 contains a tuned 
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circuit L2 C2. The circuit L2 C2 is tuned to the 
same frequency as the aerial circuit Li C1. The 
anode circuit of the valve V3 includes a reaction 


coil L3, and also the telephone receivers T. Re- 
generation is obtained between the inductance L3 
and the aerial inductance Lı. If the anode 
circuit of LI C1 contained an ordinary sharply 
tuned circuit the valve capacities and other capa- 
cities would be sufficient to cause self oscillation. 
It is stated, however, that by making the damping 
of the anode circuit sufficiently high the tendency 
for oscillation can be avoided. It will further be 
seen that the sharpness of the tuning of the circuit 
L2 C2 will not cause the valve V2 to oscillate, or 
materially affect the other valves. This idea can 
be extended to any number of valves, arranging 
alternately sharply tune circuit and highly damped 
circuits. 


A WAVE TRAP ARRANGEMENT. 


(A pplication date, 24th October, 1924. 
No. 244,227.) 

A rather peculiar wave trap arrangement is 
described in the above British Patent Specification 
by J. W. Combe. Apparently, the object of the 
invention is simply to tune out undesired stations, 
and the invention relates to an arrangement of an 
inductance and variable capacity combined as one 
unit which can be connected across the aerial and 
earth terminals of an ordinary receiving set. The 
specification states that if the receiver is tuned, for 
example, to London, and it is required to listen to 
Bournemouth, the device is connected in position, 
and by varying the condenser in the eliminating 
device Bournemouth can be tuned in without 
altering the tuning of the set for London. This 
seems, perhaps, a little peculiar. lt appears that 
the device can be arranged simply as an ordinary 
series or parallel rejector or acceptor circuit. 
Referring to the illustration, it will be seen that 
the arrangement comprises a plug-in coil L and a 
variable condenser ©. Two wander plugs W are 
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also provided, which are adapted to be connected 
to a number of sockets S. Thus it will be seen 


that the tuned circuit comprising L and C can be 
connected to the set in more than one position. 
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VALVE SUPPLY, 
(Convention date (Germany), 7th May, 1924. 
No. 233,718.) 


This invention is described in British Patent 
No. 233,718 by Die Radio-Rohren-Laboratorium 
Dr. Gerd Nickel G.M.B.H., and assigned to the 
Edison Swan Electric Company, Limited. The 
invention simply consists in supplying both the 
filament and the anode of a valve from the same 
source of power. Thus, in the accompanying 
illustration, it will be seen that a source of power P, 
which is shown as a battery, is connected through 
two resistances X and Y, which are in series with 
the filament F. Sliding contacts A and B work 
over the resistances so that the amount of current 
flowing through the filament will be determined 


by the position of either or both of the contacts 
A and B. Additional contacts C and D are also 
provided, which work respectively over the resis- 
tances X and Y. Thus it will be seen that the 
potential of the anode will be determined by the 
position of the sliders D and A. Similarly, the 
grid potential is determined by the position of 
the sliders C and A. It is interesting to note 
that a grid-leak L is used to determine the grid 
potential, although the lower end of the trans- 
former or other device to which the valve is con- 
nected is joined to the point N, that is, one side 
of the filament. 
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A QUENCHED RECEIVING SYSTEM, 
(A pplication date, 14th November, 1924. No. 244,568.) 


A form of super-regenerative receiver is des- 
cribed in the above British Patent Specification 
by C. Seymour, G. A. Irving, M.Sc., and J. C. W. 
Drabble. The accompanying illustration should 
make the circuit quite clear. It will be seen that 
the aerial circuit AE is shown coupled to the 
divided input circuit of a valve V,. The input 
circuit of the valve comprises two inductances 
L, and L,, tuned by a variable condenser C,, a 
stopping condenser C, existing between them. 
The grid circuit contains a grid condenser and 
leak GL. The anode supply to the valve V, is 
through an inductance H, and telephone receivers 
P, shunted by a condenser C,. Another valve V, 
is also shown, and is used for generating oscil- 
lations by virtue of the coupling between the anode 
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circuit and the grid circuit, comprising inductances 
L,, Ls, and condensers C,, Cs. The tuned circuit 
C,H is tuned to the same frequency as that of the 
oscillations generated by the valve V,, which 
comprises the source of quenching oscillations. 
Normally the valve V, is so adjusted with regard 
to grid potential and steady anode voltage from 
the normal anode supply that it will not quite 
oscillate. Thus it will be seen that by coupling 
the tuned circuit C,H to the source of quenching 
oscillations sufficient voltage will be induced into 
that circuit and applied to the anode to cause the 
valve to oscillate for a certain period of one half- 
cycle of the quenching frequency. In this way a 
form of super-regenerative circuit is obtained which 
is exceedingly simple to handle, and in which the 
adjustments are far from critical. It is stated in 
the Specification that the anode circuit of the first 
valve can comprise a frame instead of a coupled 
aerial arrangement as shown. 


CONTROLLING REGENERATION, 
(A pplication date, 11th September,1924. No. 244,160.) 


A method of controlling regeneration, lying 
essentially in the respective dispositions of a number 
of tuning coils is described in the above British 
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Patent, which is granted to N. P. H. Hinton, and 
Metropolitan-Vickers Electrical Company Limited. 
The invention will, perhaps, be better understood 
by reference to the ac- 
companying illustration, 
which shows a two-valve 
receiver employing this 
method of regenerative 
control. It will be seen 
that the aerial circuit com- 
prises a series condenser 
C, and an inductance 
L,, which is connected 
between the grid and 
filament of the first valve 
through the medium of 
a small condenser C,, a 
grid-leak R, being used 
to provide suitable grid 
bias. The anode circuit 
contains an inductance 
L, which is coupled to 
another inductance L}, 
tuned by a variable con- 
denser C,,which comprises 
a tuned circuit tuned to 
the same frequency as 
the incoming signals. 
This tuned circuit L,C, is 
connected between the 
grid and filament of the 
second valve V,, which 
is provided with a grid 
condenser and leak, so 
that it acts as a rectifier. 
It will be noticed that = 
the circuit is a dual or 

reflex arrangement, in which the first valve acts 
as a high or low frequency amplifier, and the second 
valve as a detector. The low frequency potentials 
produced in the anode circuit of the valve V, are 
transferred to the grid circuit of the second valve, 
by means of a resistance R,, which is connected 
through a coupling condenser C4 and a choke H. 
The anode circuit of the valve V, also contains a 
reaction coil L,. The inductance L, and the 
inductance L, comprise a high-frequency trans- 
former, and are arranged co-axially, one above 
the other. the distance between them preferably 
being fixed. The aerial inductance L, is placed 
some distance from the inductance L, and Ly, but 
on the same plane. The reaction coil L4 is arranged 
so that it can be moved in a plane parallel with that 
in which the inductances L, and L, lie. The coils 
are so arranged in direction that by coupling the 
coil Ly to the coil L} a regenerative effect is pro- 
duced in that circuit, while movement in the 
opposite direction tends to oppose it. When the 
reaction coil L4 is displaced from its mid position 
between the inductances L, and L, and moved 
towards the inductance L,, reaction is introduced 
around both valves causing regeneration in their 
respective circuits. 


A DIFFERENTIALLY-OPERATED CONDENSER. 
(Application date, 3rd July, 1925. No. 244,009.) 


A differentially-controlled condenser is described 
by B. Hesketh in the above British Patent. The 
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condenser will be recognised as that which is incor- 
porated in the McMichael supersonic unit. Re- 
ferring to the accompanying illustration it will be 


seen that the condenser comprises two insulating 
blocks B of ebonite or similar material, to the 
inner faces of which are secured metal conducting 
plates P, forming the elements of the condenser. 


ULULO 


Between these is interposed a sheet of dielectric M 
of mica or similar material. The ends of the two 
plates are brought out and fixed to terminals 
provided with soldering lugs L. The two blocks 
are provided with threads of different pitch, a 
central rod R also provided with two differently 
pitched threads being placed between the two blocks. 
A locating pin N is screwed into the lower block, 
and is an easy fit in the hole H, through the upper 
block, The end of the rod R is provided with 
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the usual knob K and suitable pointer. It will be 
seen that on rotating the knob K the rod will tend 
to rotate at different speeds in the two insulating 
blocks B, but since this cannot occur a differential 
action will be obtained, whereby the upper block 
will move towards the lower block. Thus it will 
be seen that the two elements constituting the 
condenser will be brought nearer together, thereby 
causing a variation in the capacity. The illus- 
tration shows that a form of micrometer head can 
be fixed to the knob K working against a pointer Q. 
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A DOUBLE CONE DIAPHRAGM, 
(Convention date (France), 22nd September, 1923. 
No. 239,245.) 

P. G. H. d'Amour describes in the above British 
Patent Specification the construction of a double 
cone diaphragm. The accompanying illustration 
shows that the reproducing device, or diaphragm, 


comprises two cones 4 and B, fixed together at 
their bases at X. The cone 4 is truncated and 
fixed toa ring R. The apex of the cone B is pro- 
vided with a link L, the other end of which ter- 
minates in the region of the ring R, where it is 
connected to some actuating mechanism. This 
may either be an electro-magnetic device such as 
the diaphragm of an ordinary telephone receiver, 
or the link may be connected directly to a balanced 
armature. The specification also provides for 
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operating the link purely mechanically. The 
specification is fairly detailed, and contains many 
modifications, not only of the cones themselves, 
but of the actuating mechanism. In the parti- 
cular illustration shown the end of the link,L is 
attached to two strips of preferably different 
material, as at N. Modifications of the cones 
include inverting the cone B so that it lies within 
the cone A, or truncating the cone B and refixing 
the truncated portion so that the apex points 
towards the apex of the cone 4. 


UTILISING THE MAGNETIC COMPONENT. 


(Convention date (France), 6th June, 1923. 
No. 217,245.) 


A system of wave propagation and reception 
utilising the magnetic component of electro-magnetic 


.waves described in the above British Patent by 


L. Levy. The accompanying diagram illustrates 
the broad idea of the system of transmission and 
reception. The aerial or radiator comprises a long 
body, of magnetic substance, preferably in the 
form of a cylinder C. Located about the middle 
of the magnetic body C is a winding W which is 
the seat of high-frequency currents, derived from 
a generator G. The aerial is composed of a number 
of strips, which are long in comparison with their 
width, and are arranged in a bundle, as indicated. 
The variation in longitudinal magnetic field at 
various points along the aerial is indicated on the 
left of the diagram. The actual propagation of 
waves takes place from W towards the two ends, 
and gives rise to stationary wave pehnomena by 
ordinary reflection at the ends, the antinode of 
the longitudinal magnetic field corresponding, of 
course, to the node of the transverse magnetic 
field. Movable short-circuited turns T are so 
arranged that they can be moved along the aerial 
so as to alter the position of the node, and hence 
alter the frequency at which the aerial oscillates. 


A suitable reception aerial 


its associated 
circuits is shown on the right of the illustration. 
Similar short-circuited turns T} are shown for the 
purpose of tuning, and a similar winding W, is 


and 
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arranged about the mid-point of the aerial, and 
energises the tuned circuit L,C,. It is stated 
that amplified potentials are set up across the 
points XY. The specification states that magnetic 
losses may be compensated by including a winding 
Z around the aerial, which may be energised from 
circuits which are the seat of amplified currents. 


AN AUTOMATIC CALLING DEVICE. 
(A pplication date, 31st July, 1924. No. 245,170.) 


An automatic calling system is described by G. C. 
Beddington in British Patent No. 245,176. The 
method of calling exists in transmitting either simul- 
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between the grid and filament of the three elec- 
trode valve. It will be further noticed that the 
grids of the double grid valve are negatively 
biased by means of the batteries B, and B;, the 
bias being so arranged that the operation of the 
characteristic is substantially in the region of the 
origin. This means that substantially no current 
can flow in the anode circuit of the valve V. When 
signals are received by the coils L and L, the 
negative half cycles have no effect, but the valve 
will become partially conducting during the 
presence of positive half cycles. This means that 
the battery B, will cause the negative potentials 
to be transferred to the grid of the valve V', 
where it will accumulate, until the anode current 
of that valve has been reduced sufficiently to 
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taneously or consecutively signals of an appreciable 
length at predetermined frequencies. The receiving 
device is only rendered operative when both the 
signals are received simultaneously, or consecutively, 
as the case may be. The broad idea of the inven- 
tion can be gathered by reference to the accom- 
panying illustration. It will be seen that two 
tuned circuits L and L,, presumably tuned by their 
self-capacity, are associated with suitable aerials 
for receiving the desired signals, or alternatively, 
the inductances L and L, may be suitable for passing 
on the effect of rectified or amplified high-frequency 
currents obtained from the aerial systems. It will 
be noticed that the inductances are connected 
between the filament and the grids of a double 
grid valve V. The anode circuit of the valve V 
contains a resistance R and a battery B,, the 
negative side of which is connected to the grid 
of a three-electrode valve V,, the anode circuit of 
Which contains a relay K and the usual high tension 
battery. A small condenser C is also connected 


render the relay or calling device K operative. 
The presence of the condenser C, of course, tends 
to accumulate the charge and assist in the operation 
of the device. Another modification of the idea 
is shown in the lower half of the illustration. 
This scheme, of course, is intended to be used for 
a calling system in which the signals are sent 
consecutively. Here the coil L with its negative 
bias is connected to an ordinary three-electrode 
valve V, which in turn is connected through some 
form of resistance and battery to the grid of another 
three-electrode valve V,. This in turn is connected 
to one of the grids of a double grid valve V} 
The other coil L, is connected between the filament 
and the other grid of the double grid valve. The 
anode circuit of the double grid valve is connected 
by a similar battery and resistance to the grid 
circuit of the lasr valve V}, which again contains 
the calling device K. The method of operation 
should be obvious in the light of that described 
in connection with the first arrangement. 
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Editorial. 


A Further Question oft Nomenclature. 
The Polarisation of Electromagnetic Waves. 


HEN ordinary light passes through 
W: slice of tourmaline cut in a plane 
parallel to the crystal axis, it is 
polarised, 1.e., the vibrations constituting the 
emerging light are all in the same direction, 
so that if another similar slice of the crystal 
is put in the path of the beam and turned so 
that the crystal axis is at right angles to the 
crystal axis in the first slice, no light can 
pass. This fact was known long before the 
electromagnetic nature of light was estab- 
lished, and the light after passing through 
the slice of tourmaline was simply said to 
be polarised. Light can be polarised in 
other ways than by passing it through 
tourmaline. To indicate the direction of the 
polarisation, the light was alwavs said to 
be polarised in the plane at right angles to 
the axis of the tourmaline, but opinions 
differed as to whether the ether vibrations 
which constituted the light took place in 
this plane or at right angles to it. 
MacCullagh maintained the former and 
Fresnel the latter view ; thus, according to 
MacCullagh, the vibrations were as shown 
bv the horizontal arrows marked M, whereas 
according to Fresnel, they were represented 
bv the vertical arrows marked E. When 
Clerk Maxwell propounded the electro- 
magnetic theorv of light it was seen that 
both schools had been right, since the beam 
of polarised light is merelv an electromagnetic 


wave with the magnetic and electric fields 
at right angles. It was found that 
MacCullagh's vibrations in the so-called 
plane of polarisation were the magnetic 
vibrations, whilst those of Fresnel, normal to 
the plane, were the electric vibrations. 


PLANE OF 
POLARISATION 


This convention as to the plane of polari- 
sation is still maintained in optics and in 
the Wireless World of 17th March, p. 430, Mr. 
Williams, of King’s College, takes Dr. Smith- 
Rose to task for using the opposite con- 
vention in speaking of wireless waves, to 
which the latter pleads guilty, but excuses 
himself on the ground that it is common 
practice among radio engineers to speak of 
the wave being polarised in the plane con- 
taining the electric vector. Wireless engi- 
neers refer to the radiation from a vertical 
aerial as being vertically polarised, whereas 
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according to the classical optical convention 
it is polarised, at least, near the ground, in 
a horizontal plane. Dr. Smith-Rose suggests 
that the wireless practice is preferable to 
the older convention and suggests its adop- 
tion. The term polarisation as applied to 
light presupposes a vibration, and was 
originally used with reference to a supposed 
vibration of the ether; the choice of the 
conventional plane of polarisation was made 
in ignorance of the nature of the vibration 
and was not due to any preference for the 
magnetic as opposed to the electric oscilla- 
tion, and one may perhaps claim that in 
the light of modern knowledge, the definition 
should come up for revision. In a view, 
however, of the old established usage in 
optics, a more practical suggestion is that 
radio engineers should always make their 
meaning quite clear, by introducing the 
word electric or magnetic. The radiation 
from a vertical aerial can hardly be said to 
have a vertically polarised electric field, 
since the electric ficld is only vertical near 
the earth's surface; nor can one speak of 
a vertical plane of polarisation since there 
are an infinite number all passing through 
the aerial. Near the ground onc can say 
that the magnetic field is horizontally 
polarised, and can speak of a horizontal 
plane of polarisation, but at a height this is 
not so, since, although the magnetic field 
is horizontal, the direction of propagation is 
not horizontal, but along an inverted cone 
with the aerial at the apex. 

Dr. Smith-Rose suggests that the classical 
usage should be modified and the plane of 
polarisation be referred to the electric 
vector because the electric force is more 
fundamental than the magnetic force, the 
latter being merely the result of the move- 
ment of the former. If one gocs back as 
far as possible into the nature of things, 
there 1s the electron with its electric field, 
but no magnetic ficld unless the electron 
moves. Dr. Smith-Rose takes as his 
example, however, the case of an observer 
who, instead of remaining stationary, moves 
with the wave at the same velocity. To such 
an observer the magnetic force of the wave 
will not be perceptible; at least, so Dr. 
Smith-Rose assures us. If any reader finds 
the velocity of hght rapid travelling for 
clear thinking, he may consider a bird 
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flying across the ocean in the same direction 
and at the same speed as the waves. To 
a stationary observer the waves are due 
to a “combination of displacement and 
velocity, the energy being partly potential 
due to the former, and partly kinetic due 
to the latter, just as the energy of the 
electromagnetic waves is partly electric 
and partly magnetic, but to the bird the 
waves are at rest and the whole ocean 
is covered with stationary corrugations 
representing a distribution of potential, 
but no kinetic energy. We must confess, 
however, that we do not like this argument ; 
we feel somewhat sceptical about the evidence 
of an observer who admits that he was 
travelling with the velocity of light when he 
made the observations. If he knew anything 
about Maxwell’s laws he would wonder 
how the unchanging electric field distribution 
about him was maintained, and why the 
line integral of electric force around a closed 
circuit was not zero, just as the bird might 
be troubled to account for the persistence 
of the stationary corrugations on the ocean. 
Far from concluding that there was no 
magnetic ficld, he might be led to the 
assumption of a steadily changing magnetic 
field as the only means of accounting for the 
electric field distribution round about him. 
If, however, he had heard of Lorentz and 
Einstein, he might have some very justi- 
fiable doubts about the applicability of 
Maxwell’s laws to an observer travelling 
at the speed of light. Similarly, a closer 
examination of the state of the medium 
constituting the apparently stationary cor- 
rugations might cause the intelligent bird 
to have some doubts as to the absence of 
kinetic energy. 

Although we are not impressed by the 
example chosen by Dr. Smith-Rose, we none 
the less agree that the electric field appears 
to be more fundamental than the magnetic 
field and that, if the discoverers of polari- 
sation had known the nature of the beam 
of light, they might probably have chosen 
the plane of polarisation to coincide with the 
electric vector. As it is, however, we fear 
that the long established convention must 
remain and radio engineers must use a few 
more words to specify exactly what they 
mean when applving the term polarisation 
to electromagnetic waves. 
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Effective Resistance of Inductance Coils 
at Radio Frequency. —Part I. 


By S. Butterworth. 


[R144 


: (Admiralty Research Laboratory, Teddington.) 


1. Introduction. 


UR main object in the following work 
Q): to develop formulæ suitable for the 

determination of the effective resis- 
tance of inductance coils at radio frequencies, 
and from these formulæ to obtain a scheme of 
design which aims at making the resistance 
as small as possible. 

That there is need for such a scheme of 
design is clearly shown by quoting the 
constants of two coils, both constructed at 
the National Physical Laboratory, and 
both intended for use at a frequency of 
one million cycles per second. The first 
coil is one used in the Standard Harmonic 
Wavemeter! at the National Physical La- 
boratory, and is in the form of a flat spiral 
nearly 20 cms. in diameter, wound with 
copper strip. Its inductance is 45 micro- 
henries and its resistance at a wavelength' of 
300 metres is 0.89 ohm, that is, 19.8 ohms 
per millihenry. 

The second coil is that described by Mr. 
Wilmotte in the May number of E.W. & W.E. 
It is a square coil of side 7.5 cms. and winding 
length 4.5 cms. The wire used is No. 22 
S.W.G. Its calculated inductance is 77 micro- 
henries and its resistance at 300 metres is 
1.58 ohms; that is, 20.5 ohms per millihenry. 
The point we wish to emphasise in regard 
to these two coils is that, although the 
former coil is much larger than the latter, 
and was decided upon after considerable 
experimental work, yet its efficiency as 
expressed in ohms per millihenry is prac- 
tically the same as the much more modest 
coil of Mr. Wilmotte, which may be wound 
by any beginner at the cost of a few pence. 

As regards the factors contributing to 
the high-frequency resistance of inductance 
coils, great stress has been laid recently upon 
the importance of dielectric losses. Now, 
although these losses may play a very im- 
portant part in very large transmitting 
coils, or even in receiving coils when used 


1See the paper entitled “A Self-contained 
Standard Harmonic Wavemeter.” Dye. Phil. 
Trans., A, VoL 224, p. 259. 


at very short wave-lengths, it is easily 
possible, by taking very ordinary precautions, 
to reduce these losses to a small fraction 
of the whole in receiving coils intended for 
the broadcasting range of wavelengths. 
The present writer has wound coils with 
D.C.C. wire upon solid wooden formers, 
and on comparing the calculated copper 
resistance with the total measured resistance 
has found the ratio of copper to total loss 
to lie between 60 and 70 per cent. at a wave- 
length of 300 metres, while with coils for 
which the insulating material is carefully 
chosen the copper loss has been 80 to go per 
cent. of the whole. Clearly, therefore, any 
numerical scheme of design must aim at 
making the copper losses a minimum. 

It will be shown that the copper losses in 
inductance coils in which the turns are well 
spaced divide themselves into two inde- 
pendent portions, one of which diminishes 
and the other increases as the diameter of 
the wire is increased. There is therefore a 
certain diameter of wire for which the two 
losses “balance”; that is, the rate of 
diminution with increase of diameter of the 
one loss is equal to the rate of increase of 
the other loss; so that at this diameter 
the losses are at a minimum. 

The scheme of design, therefore, is to find 
for all reasonable shapes of coil the value 
of this best wire diameter and the corre- 
sponding loss. By comparing the minimum 
losses for each shape of coil we can then 
arrive at the best shape of coil to suit any 
prescribed conditions. Since the inductance 
required fixes the number of turns, it onlv 
remains to fik the mode of grouping of the 
turns in the winding section and the order 
in which the current shall pass through the 
turns. 

The mode of grouping will only affect the 
copper losses shghtly, and (except in so far 
as self-capacity modifies the eflective resis- 
tance) the order of passage of the current 
through the turns has no influence upon 
the copper losses, so that these latter points 
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are determined by the mechanical means 
of winding and by the desirability of havirg 
low self-capacity. The correct mode of 
procedure will be illustrated by examples to 
be given later. 


2. Copper Losses in Inductance (oils.— 
Preliminary Survey. 


In Fig. 1 is drawn the section of a circular 
inductance coll of rectangular winding section, 
the turns being represented by small circles, 
each occupving its own small rectangular 
space. When current flows in the coil, a 
magnetic field is set up, the lines of force of 
which are approximately represented by the 
broken lines in the figure. 
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Tig. 1. Cross section of circular inductance coil of 
vectangular winding section. The small circles 
represent the wires composing the turns of the coil 
and the broken lines are the magnetic lines of force 
produced by the current in the coil. 


When the current is alternating there are 
two distinct copper losses in the coil. The 
first loss occurs whether the current is 
alternating or not and, for well-spaced turns, 
is independent of the coiling. It is, in fact, 
merely the loss due to forcing the current 
against the resistance of the wire. This 
loss, however, depends upon the frequency 
of alternation of the current, increasing as 
the frequency increases. Since this loss is 
the same as when the wire is straight we 
may refer to it as the straight-wire loss, and 
denote the resistance representing it by R.. 
For direct currents R,, of course, reduces to 
the ordinary resistance R. 

The second loss is due to the alternations 
of the general magnetic field of the coil. It 
is a fundamental principle of electro-mag- 
netic induction that when the lines of force of 
a varving magnetic field thread through any 
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conducting mass there is induced in that 
mass a circulating or eddy current. This 
eddy current requires energy for its main- 
tenance, which must be supplied to the 
mass from the current producing the varying 
ficld, and thus the effective resistance of the 
coil carrying this current is increased. 
Applving this to the case of the inductance 
coil shown in Fig. 1, the variation of the 
general magnetic field of the coil induces 
eddy currents in each wire, and the energy 
required increases the effective resistance. 
Since the added resistance 1s due to the 
magnetic field of the coil we will denote it 
by Ry. We may look upon this resistance 
as being due to the presence of neighbouring 
wires, and from this point of view the added 
resistance is sometimes referred to as ine 

“ proximity ” resistance. 


It will readily be seen that the induced 
eddy currents do not alter the total current 
flowing over the whole cross-section of the 
wire, as they both go and return in the same 
section. They act rather in distorting the 
distribution of current throughout the sec- 
tion. It is well to consider this distortion 
more closely, as it will help us when we are 
dealing with the resistances in a quantitative 
manner. 

The general principle governing the direc- 
tion of induced currents is the well-known 
Law of Lenz, namely, that the induced effect 
always opposes the inducing cause. Since 
in the present case the inducing cause is the 
alternation of the magnetic field, the induced 
current will oppose the action most effectivelv 
if, by its own field, it annuls the magnetic 
field threading through the substance of the 
wire. The direction of the eddy current 
must therefore be such that the magnetic 
field it sets up opposes the inducing magnetic 
field inside the wire. 

Thus, let the circle in Fig. 2 represent one 
of the right-hand upper wires of the coil of 
Fig. 1. At the moment when the current is 
flowing upwards from the paper the field 
within the wire and due to the current in 
the wire forms a series of circular counter- 
clockwise lines of force concentric with the 
circumference of the wire, while the general 
field due to the current in the remainder of 
the coil mav be regarded as uniform over 
the section of the wire and directed up the 
page. 

First, if the general field is absent, a radial 
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wedge, such as AO, imagined cut in the 
wire, will have acting upon it a downward 
field. Therefore the eddy current in this 
wedge must produce an opposing upward 
filld. To do this it must flow towards the 
observer at A and away from the observer 
atO. A similar eddy current is induced in 
every wedge such as AO, and it is immediately 
seen that the eddy current tends to weaken 
the mam current in the central regions and 
to strengthen it in the outer regions of 
the wire. Thus the current tends to con- 
centrate on the outer skin of the conductor, 
and as the virtual section of current flow is 
thus diminished the resistance of the wire 
is increased. 


+ - + = + 
a b c d 
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l | 
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| 
| | 
| | 
| | 
Fig.2. The full circle in the main figure represents 


a wire im the top right-hand half of the coil of Fig. 1. 
The broken circles in the main figure are the lines of 
force due to the current in this wire and the broken 
vertical lines ave the lines of force due to the remaining 
wires. AO ts a wedge imagined cut in the wire. 
The eddy currents induced in this wedge are con- 
sidered in the text: (a) shows the current distribution 
in a solitary wire, (b) the current induced by a uni- 
form field, and (c) and (d) the distorted distribution 
due to (a) and (b) combined, (c) holding when (a) 
predominates and (d) when (b) predominates. 


Next, 1f we suppose for the moment that 
the current in the wire is absent, the general 
field must produce an eddy current which 
by the Law of Lenz flows into the paper in 
the left half and out in the right half of the 
section of the wire. There are in this case 
two crescent-shaped sections of current, the 
left one negative and the right one positive. 
Superposing the main current, the distor- 
tion is seen to consist of a motion of the 
mean centre of the current in the wire 
towards the right and a general concentra- 
tion of the current towards the surface. If 
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the same reasoning be applied to every turn 
in the coil it is found that the current is, so 
to speak, trying to get to the nearest boundarv 
of the winding section of the coil, the effort 
being more vigorous in the case of the inner 
turns because of the stronger general field 
there. The phenomenon is, in fact, an 
attempt to reproduce the “skin” effect 
for the whole winding section which has been 
seen to occur in the case of the individual 
wire. 

We may also readily deduce that the two 
types of energy loss act independently, for 
while the main current, even when modified 
by the eddy currents due to the circular 
field has the same sign in both left and right 
halves of the wire section, the eddy current 
induced by the general field is of changed 
sign in the two halves. Thus if J, and l» 
be the two types of current in a filament of 
the wire in the right-hand half, the total 
current in this filament is Im + Ia, while in 
a symmetrically disposed filament in the 
left half the total current is J,—IJn. Now 
the energy loss is proportional to the square 
of the current, so that for the pair of fila- 
ments the energy loss is proportional to 
(Im HI»)? --(1w-I,)?, that is to In? + Ir. 
Adding, for all filaments, the total energy 
loss is proportional to BI„?+2I»2. 

But this is the result we should have 
obtained if we had calculated each loss as 
if the other were absent and then added. 

As the latter method will enormously 
simplify our problem it will be the one 
adopted in the following pages. 

The problem of determining the copper 
resistance in inductance coils is thus capable 
of analysis into three portions, viz. :— 

(a) The variation of resistance of a 
solitary wire with frequency. 

(b) The energy losses in a wire when 
placed in an alternating magnetic field. 

(c) The distribution of magnetic field 
throughout the winding section of various 
types of inductance coils. 


These problems will be dealt with in turn 
in the following sections. 


3. The Alternating Current Resistance of a 
Long Straight Wire. 
Formule for the computation of the 
alternating current resistance of a long 
straight wire were supplied nearly forty 
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years ago by Kelvin,? Rayleigh? and Heavi- 
side.“ The formule as given by them 
were not in such a form as to be easily used 
by the electrical engineer, so that, as the 
use of high frequency currents increased, 
various writers tried to simplify the mode 
of presentation. Tables of values of the 
alternating current resistance of wires of 
various diameters have been computed by 
Zennecks; and Rosa and Grover® have 
given tables whereby the A.C. resistance 
may be found with great ease. The column 
headed 1+ F in Table I. has been extracted 
from the latter set of Tables. Before giving 
the general solution we will consider the 
cases of low and high frequencies respec- 
tively. 


3.1. Case of Low Frequency. 


We have seen in Section 2 that the effect 
of the circular alternating field within the 
substance of a straight wire carrying alter- 
nating current is to produce an eddy current 
which flows in the same direction as the main 
current in the outer regions of the wire and 
returns via the central regions. The total 
energy loss in the wire is obtained by adding 
the energy loss due to this eddy current to 
the energy loss due to the main current. 
If the maximum value of the main current 
be I and the D.C. resistance be R the dis- 
sipation of power by the main current is 

W,=i RI? ies .. (1) 
Now, as regards the eddy current, if E be 
the average value throughout the wire of 
the E.M.F. inducing this current and R’ 
be the average value of the resistance of 
the eddy current path, the dissipation of 
power by the eddy current is 

W= EYR .. sa (2) 
as at low frequencies the inductance of the 
eddy current path may be neglected. 

To estimate the value of E, let a be the 
radius of the wire and let the frequency be 
w/2m. The field intensity throughout the 
wedge AO varies uniformly from zero to 
21ja as we pass from O to A so that if the 
wire is of length / the total flux threading 


2 Math. and Phys. Papers, Vol. 3, 1889. 

3 Phil. Mag., Vol. 21, 1886. 

4 Flectrical Papers, Vol. 2, p. 64. 

6Zenneck, Wireless Telegraphy, Table 7; Hoyle, 
Standard Tables and Equations in Radio T elegraphy, 
Table 18, p. 51. 

8 Bulletin Bureau of Standards, p. 226, 1912. 


206 


EXPERIMENTAL WIRELESS & 


through the wedge is lax 1/a=lI, and the 
E.M.F. that acts on the filament of current 
path which bounds the wedge is wll. The 
mean E.M.F. must be less than this, so 
that as we are only seeking an approximate 


‘solution we will assume that the average 


E.M.F. is iwl1. 

The resistance R' of the eddy current 
path may also be approximated to by 
Imagining the wire to be divided into a 
central rod and outer tube each of the same 
resistance, viz, 2R. If we suppose the 
eddy current to flow by the outer tube and 
return by the central rod the resistance R’ 
is clearly 4R and then by (2) W := ws272/32R. 

It would be surprising if this were the 
correct result, as we have made two approxi- 
mations. The equation is, however, correct 
in form and in actual fact will be correct in 
magnitude if we replace the number 32 bv 
24. Hence we write” 


W .=wl2]2/24R s+ (3) 
Adding W’, to W, the power loss is 


r i w?i? 
W,=W,+W,= PRI I+ me .. (4) 
and sa kon the ” = resistance is 


R= Rit? RT R(i+F) say .. (5) 

3.2. Formula (4) will not carry us 
far up the scale of frequency, as when 
the term F is beginning to be appre- 
ciable the assumptions made in establishing 
(5) are no longer valid. The formula is, 
however, useful as it indicates the form which 
the final solution will take. 

In regard to the correction F it is important 
to notice that it is a pure number, as it 
has to be added to the pure number unity. 
It should also be noted that R in the ex- 
pression for F must be in c.g.s. units. Since 
on this system of units an inductance is 
measured in centimetres, we may for the 
moment regard the length J as representing 
some inductance and then we see that F 
is of the nature of the square of the ratio of 
a reactance to a resistance, thus verifying 
its nature as a pure number. / 

Although the length of the wire appears 


7 All units are ‘assumed to be electro-magnetic 
c.g.s. units and all alternating quantities are 
supposed represented by their maximum values. 


E— —————————— — 


8 I.e., nota length, a resistance, or any magnitude 
of that kind.—Ep. 
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in the expression for F, yet F is independent 
of this length, as R is also proportional to 
the length of the wire. 

On expressing R in terms of the resistivity 
p and diameter d of the wire we get 


n?w?dt zt 
— -— - ———= ee 6 
1929 192 = (6) 
in which, for brevity, we have written 
dN =miN1= 2 (7) 
p p 


This form is chosen because when the 
simple form (6) no longer holds for F, F 
may still be expressed in simple series in- 
volving z and z only. To see that this is 
so we need only know that F always remains 
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a pure number which depends only on d, f 
and p. Now, the only way in which we can 
associate d, f and p so as to yield a pure 
number is to combine expressions such as 
A(dA/flp)" where A and 4 are mere numbers. 


As zis equal to 7d 1/2/|e, we may therefore 
assert that F is a function of z and of z 
only. 

This law is very important, as by its 
means we can, from measured values of the 
A.C. resistance of a particular wire at a 
series of frequencies, deduce the values of 
the A.C. resistances of wires of other dia- 
meters and of other materials. This is 
effected by plotting the ratio of A.C. resis- 
tance to D.C. resistance of the particular 
wire against the single variable z. 


TABLE I. 


VALUES OF THE FUNCTIONS F AND G. 


d=diameter of wire (cm.) ; p=resistivity (c.g.s. units); f=frequency (cycles per sec.). 


z=ndV/2f'o. For copper of resistivity 1,700 c.g.s. units d /f=9.28 z, Or z=0.1078 a Jj. 


| 
z | ILF | G | z | 14F, G 
| 
uJ ZI | lS KM kozi 
0.0 | 1.000 | 2.5 ! 1.175  0.2949 
01 | 1.000 | | 2.6 1.201 0.3184 
0.2 1.000 | 27 1.228 0.3412 
0.3 | 1.000 | z4/64 ," 2.8 1.256 | 0.3632 
0.4 | I.OOCO i | 2.9 1.236 | 0.3844 
0.5 | 1.000 0.00097 3.0 | 1.318 0.4049 
; | 
0.6 | I.OOI 0.00202 |: 3.1 1.35! 42 
0.7 I.00I ' 0.00373 | ae | Er des 
os | 1.002 0.00632 | 3.3 I.420 0.4626 
0.9 | 1.003 , 0.01006 ' 3.4 1.456 | 0.4807 
1.0 1.005 i 0.01519 3.5 | 1.492 0.4987 
| | 
I : = eee | 3.6 | a | 0.5160 
. 03059 | 3.7 ' 1.56 0.5333 
13 | 1.015 | 0.04127 | 3.8 | 1.603 | 0.5503 
1.4 | 1.020 | 0.0541 | 3.9 | 1.640 | 0.5073 
15 | 1.026 | 0.0691 | 4.0 | 1.678 0.5842 
1.6 1.033 | 0.0863 i 4: ' 1.715 0.601 
17 | 1.042 | 0.1055 | 4.2 | 1.752 0.618 
1.5 1.052 ' 0.1205 | 4-3 | 1.789 0.635 
19 | 1.064 | 0.1489 , 4.4 | 1.826 0.652 
2.0 | 1.078 | 0.1724 | 4.5 ' 1.863 | 0.669 
1 | ' 
2.1 1.094 | 0.1967 | 4.6 . 1.899 | 0.686 
22 , LIII 0.2214 | 4.7 1.935 0.703 
2.3 | TAIZI 0.2462 | 4.8 | 1.971 0.720 
24 | 1.152 0.2708 | 49 ' 2.007 0.738 
2.5 | 1.175 0.2949 | 5.0 2.043 0.755 


| 


an La 


| 
z ILF G | = | I+F | G 
5.0 | 2.043 | 0.755 || 10.0 | 3.799 | 1.641 
el > i ' | 
5.2 2.114 0.790 | II.O | 4-151 1.818 
5.4 2.184 0.826 | 12.0 | 4.504 ' 1.995 
5.6 2.254 0.861 | 13.0 | 4.850 2.171 
5.8 2.324 0.896 | 14.0 | 5.209 2.348 
6.0 2.394 0.932 | 15.0 5.562 2.525 
| | : i 
6.2 2.463 | 0.967 | 16.0 | 5.915 ' 2.702 
6.4 2.533 1.003 i| 17.0 ! 6.268 2.879 
6.6 2.603 1.038 18.0 | 6.621 | 3.056 
6.8 2.673 1.073 | 19.0 | 6.974 3.233 
7.0 2.743 1.109 20.0 | 7.328 ; 3.409 
| 
72 2.813 rI44 | 21.0 | 7.681 į} 3.586 
7.4 2.884 1.180 | 22.0 | 8.034 | 3.763 
7.6 2.954 1.216 23.0 | 8.388 3-940 
7.8 3.024 1.251 24.0 | 8.741 | 4-117 
8.0 3.094 1.257 25.0 | 9.094 4.294 
8.2 3.165 1.322 300 , 10.86 | 5.177 
8.4 3.235 1.357 40.0 | 14.40 6.940 
8.6 3.300 1.393 50.0 | 17.93 ; 8.713 
8.8 3.376 1.428 | 60.0 21.40 10.48 
9.0 3-440 I.g64 | 70.0 25-00 , 12.25 
9.2 3.517 1.499 80.0 28.54 | 14.02 
9.4 | 3-587 | 1.534 | 90.0 | 32.07 | 15.78 
9.6 3.658 1.570 [100.0 | 35.6% | 17.55 
9.8 3.728 1.005 | i 
10.0 | 3.799 1.641 are (V22--1)/4 (g'22-1)/8 
| 
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3.3. Case of High Frequency. 


The form assumed bv F at very high 
frequencies may be deduced from the know- 
ledge that it is always a function of z and 
from the fact that the current is then con- 
centrated upon the outer skin of the con- 
ductor. If the depth of penetration of the 
current is small compared with the diameter 
of the wire, this depth will be practically 
independent of the diameter of the wire. 
Under these circumstances the cross section 
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3.5. Experimental Verification. 


An experimental verification of the law of 
increase of resistance of a straight wire 
with frequency has been made by Kennelly, 
Laws and Pierce. These experimenters 
used a copper conductor 1.168 cms. diameter 
and a range of frequency from 60 to 5,000 
cycles per second, so that the value of z 
ranges from zero to g. Using a value of 
resistivity as deduced from the D.C. resis- 
tance, the following comparison Table holds. 


{ 
' 


Frequency = de 60 306 888 1600 2040 3005 3950 5000 
Obsd. 1.00 1.108 1.560 | 2.0 2.2 2.71 Ko) | 

R.R f 5 5 45 7 7 3.03 3-37 

(Calcd. 1.004 I.III 1.587 2.28 2.609 3.03 3.36 


e — =— Iii = 


of the path of the high frequency current is 
proportional to the circumference of the wire, 
that, is, to its diameter. Hence the high 
frequency resistance is proportional to 1/d 
or the ratio of the A.C. to D.C. resistance 
is proportional to d. 


But the ratio is also a function of z, and 
bv (7) these two properties can only be recon- 
ciled if the ratio is proportional to z. Thus 
we deduce that at high frequencies 1+F 
varies as the square root of the frequency 
and inversely as the square root of the 
resistivity. The numerical multiplier can 
only be found by recourse to mathematical 
analysis, and it is found that 


LI z = 0.3542 .. (8) 
We might go a step farther and assert that 
When z is not extremely large the above 
estimate is somewhat low, as the effect of 
the curvature of the wire must be to restrict 
the depth of penetration to some extent. 
In fact to a nearer approximation 


r+ Pa (V2e~ 3) AO 


3.4 Case of Moderate Frequenctes. 


For intermediate frequencies the formule 
are complicated, and tables are necessary. 
The values of 1--F are given in Table I. 
It will be seen from the table that the simple 
formula (6) is good enough for most pur- 
poses up to z=2, and the simple formula (9) 
when z exceeds 3. 


2.042 


4. Eddy Current Losses in a Cylinder when 
Placed in a Uniform Alternating Mag- 
netic Field. 

The second type of copper loss in an 
inductance coil is that due to the general 
field of the coil. A glance at Fig. I shows 
that for coils in which the turns are well 
spaced this loss may be determined if we 
can obtain an expression for the loss in a 
wire when placed in a uniform alternating 
magnetic field the direction of which 1s 
perpendicular to the axis of the wire. For 
coils in which a wavy type of winding is 
employed the direction of the field is no 
longer at right angles to the axis of the wire. 
The loss in a cylinder inclined at any angle 
to a uniform field is capable of solution, 
but will not be dealt with here as there is 
no indication that a wavy winding possesses 
any electrical advantage over a straight 
winding. 

Solutions of the problem of a cvlinder in 
a transverse field which is alternating 
slowly have been given bv manv writers. 
We need only refer the reader to Howe? 
who gives the proof as a preliminary to a 
treatment of stranded conductors. At the 
other end of the scale of frequency the 
simplest form of solution of the problem 
met with by the writer is that due to 
Fortescue!! A more general treatment cover- 
ingthe whole range of frequency and including 


9 Trans. Amer. I.E.E., Vol. 35, Part 2. 1953, 1915. 
10 Proc. Rov. Soc., A, Vol. 93. p. 468, 1917. 
11 Journ, 1.E.E., Vol. 61, p. 933, 1923. 
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the case where the field is not uniform over 
the section of the cylinder is to be found in 
a paper by the present writer.!2 

We will first establish the form of the 
expression for the eddy current loss and 
then deal in detail with the cases of low and 
of high frequency. 


4.1. Formof Equation for Eddy Current Losses. 


Let H be the strength of the field and let 
d be the diameter of the cylinder. Also 
let R be the D.C. resistance of the cylinder. 
The magnitude of the eddy current induced 
by the alternations of the field must be 
proportional to H, so that, since the energy 
loss is proportional to the square of the eddy 
current, it must be proportional to H?. Now 
the “dimensions” of an energy loss are 
those of a resistance multiplied by the 
square of a current, while the “ dimensions”” 
of a field intensity are those of a current 
divided by a length (e.g., the field intensity 
at distance 7 from a long straight wire 
carrying current J is 21/7). In order there- 
fore to get the correct “ dimensions ” we 
multiply H? by d? to make it equivalent to 
the square of a current and then by R to 
make it equivalent to a rate of energy loss. 
The true energy loss must then be equal to 
Rd:H? multiplied by some numerical quan- 
tity. The total energy loss in the wire is 
obviously proportional to its length, but 
this is provided for as the factor R is pro- 
portional to the length of the wire. Hence 
the numerical quantity sought must be 
independent of the length and can only 
depend upon the frequency f, the resistivity 
p and the diameter d of the cylinder. But 
the problem of determining the most general 
numerical quantity which depends only on 
the above physical quantities has already 
been dealt with in Section 3, and we con- 
clude that the required numerical quantity 
is some function of the variable z defined 
in equation (7). We therefore write for 
the rate of energy loss due to the transverse 


feld H, 
W= Rd? H2G/8 (10) 
where G is a function of z and the divisor 8 


is merely introduced to simplify certain 
later equations. 


4.2. Value of G for Low Frequencies. 
If the frequency is low the magnitudes of 


12 Phil. Trans, A, Vol. 222, p. 57, 1921. 


209 


April, 1926 


the eddy currents are small and we may 
neglect the field they set up in comparison 
with the inducing field. This amounts to 
neglecting the inductance of the eddy 
current paths, so that the magnitude of the 
eddy currents may be determined using 
Ohm’s Law. 

We first determine the eddy current losses 
in a thin strip placed athwart the field H 
and then by supposing the cylinder to be 
built up of such strips determine by addition 
the eddy losses in the whole cylinder. 


Fig. 3. The circle represents the cross section of a 
cylinder of radius a, length l and resistivity p. A 
uniform magnetic field H alternating with frequency 
w/2m is acting parallel to the arrow. Currents are 
induced in the cylinder which flow out on the right 
and in on the left. A, B, are the sections of path of 
one of these currents. The E.M.F. e producing this 
current is 2wHìx and the resistance r of the current 
path is 2pl/dx.dy. Hence the power loss in the path 
A Bis e?/2 r= w? H2 | x? dx.dy/p. The power loss 
in the whole cylinder is got by integrating with respect 
to x from o to X, thus obtaining the power loss in the 
strip C D, and then with respect to y from —a to ~a. 
The latter integration is effected by making the sub- 
stitutions X = a sin 0, y =a cos 0 and then integrating 
with respect to 0 from o to m. The result is 


Wnh=ru?H?la$/8 p. 

Referring to Fig. 3 with its explanatory 
text we see that for low frequencies 

W = nw?H?la!]8p = mw2H?ld']/128p.. (11) 
But Rd?H?;8 = plH?2/27, 
so that by (10) _ 

G=7?2w*d*/64p? = 24/64 » (12) 

This simple form will hold for values of z 
up to about unity. 
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The equation is more useful than the 
corresponding one for F, as many cases 
arise in which, because of the large value 
of H, the eddy losses are of importance even 
when G is small. From equation (II) we 
see that the eddy losses vary directly as the 
fourth power of the diameter and inversely 
as the resistivity. As regards the change 
with diameter the loss is varying in an 
opposite way to the loss due to a current 
flowing in the wire. It thus appears that 
in an inductance coil any attempt to reduce 
the copper losses by employing wire of the 
maximum possible diameter may be de- 
feated by the very large loss due to the 
general field. 

As regards the change with resistivity, it 
is seen that if it is necessary to use metal 
rods in the neighbourhood of an inductance 
coil these rods should preferably be of high 
resistivity when the frequency is low. The 
term “low” frequency requires careful 
definition. The relevant quantity is the 
factor z, which involves the wire diameter 
and its resistivity as well as the frequency. 
When the term “ low ” frequency is employed 
with reference to wires or cylinders it will 
be taken to mean that z is less than unity. 


4.3. Value of G for High Frequencies. 


The form of G at extremely high fre- 
quencies may be deduced from the principle 
that if the eddy currents are sufficiently 
powerful they will practically annul the 
field within the substance of the wire. In 
the extreme case the distribution of the eddy 
current is as shown in Fig. 2(6) with the 
two crescent-shaped sections of current path 
concentrated closely upon the outer surface 
of the wire. The combined effect of the 
inducing field and that produced by the 
eddy currents 1s that the lines of force curve 
round instead of passing through the 
cylinder. In fact, the distribution of the 
lines of force at extreme frequencies are 
exactly analogous to the lines of flow of an 
ideal fluid past a cylindrical obstacle, and 
mathematically the problem may be dealt 
with by an analogous system of equations. 
It is important to notice that this distortion 
of the field increases the field intensity 
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along the diameter of cross section which 
is perpendicular to the field and weakens 
it in directions parallel to the field. These 
facts will be made use of later in connection 
with single layer coils. 

The depth of penetration of the eddv 
currents 1s practically independent of the 
diameter of the wire, but the dimension of 
the crescent-shaped path parallel to the 
direction of the field is equal to the diameter. 
Hence the cross section of the path is pro- 
portional to the diameter. Now the energy 
dissipated by the eddy current is inversely 
proportional to the resistance of its path, so 
that it is proportional to the cross section 
of the path or to the diameter of the wire. 
Since in (10) Rd? is independent of the 
diameter it follows that G is proportional 
to the diameter of the wire. This can only 
be so if G is merely a multiple of z. The 
complete theory shows that 


G=//22/[8 .. .. (13) 


For finite values of Z this is only an approxi- 
mation, being the first term of a series. If 
we include the next term we have 


G=(/2z—1)/8 .. (14) 
This formula is a good approximation for 
values of z greater than 5. 

From (13) we see that the eddy losses 
still increase with diameter of wire but the 
rate of increase 1s not so rapid as at low 
frequencies, being proportional to the first 
instead of the fourth power of the diameter. 

From (10) and (13) we see that the eddv 
loss varies directly as the square root of the 
resistivity, so that at Aigh frequencies 
improvement is obtained as regards losses 
in neighbouring metal rods by reducing the 
resistivity. This is opposite to the law at 
low frequencies. Therefore as the resistivity 
is Increased there is for any particular rod a 
resistivity giving maximum eddy losses and 
any departure from this resistivity will 
reduce the losses. 

When the value of z is such that neither 
of the simple formule (12) or (14) hold, 
a much more complicated mathematical 
analysis is necessary, and the values of G 
given in Table I. must be used. 


(To be continued.) 
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The Mystery of Fading. 


Some Notes of Observations taken on Broadcast Stations. 


By Oliver Hall, D.Sc. 


VERY possessor of a wireless receiving 
| Be who has made a practice of 

receiving telephony from a distant 
broadcasting station 1s familiar with the 
perplexing phenomenon of “ fading.” Yet 
of the very large number of such possessors 
of wireless sets, only a small percentage 1s 
sufficiently interested in the phenomenon to 
take careful observations when fading is 
noticeable during the reception of a distant 
station. 

Now it is highly probable that a satisfactory 
explanation of fading will only be forthcoming 
after a very large number of observations has 
been collected and examined. Hence it is 
that fading constitutes a most promising 
field of investigation for the wireless experi- 
menter who is interested in the problems 
connected with the travel of wireless waves 
through the ether. 


Saket eee eee 
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STRENGTH OF SIGNALS 


TIME IN 
Fi 


According to some careful observers, 
fading occurs at regular intervals. One such 
observer has placed on record the following 
curious case; An item, which was being 
simultaneously broadcast, was first received 
from London and this station was found to 
be fading regularly at intervals of three 
minutes. The same musical item was next 
received from Cardiff and, from the Welsh 
station, fading was found to be occurring 


‘ 
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every five mmutes. The receiver was then 
set to a position intermediate to Cardift 
and London on the tuning condenser and, 
although the fading was less distinct, rt was. 
found to be occurring at intervals of fifteen. 
minutes. 

It is unusual however, for fading to take: 
place as regularly as this. In fact, such 
regularity is scarcely in keeping with the 
generally accepted explanation that fading 
is caused by the absorption and reflection of 
the waves by irregular masses of ionised 
gases in the upper atmosphere, or by con- 
ducting layers, the effects of which vary 
considerably with the constantly changing 
atmospheric conditions. 

The object of the present article though, 
is not to discuss fading from a theoretical 
standpoint, but rather to describe certain 
observations recently made by the writer 


| 
l 


EKEZESEE 
EASZENES 


SESAEEEANENAXNSINx 


24 26 27 28 29 30 


MINUTES AFTER 9pm 
g. I. 


and to suggest the carrying out of similar 
observations by others interested in tke 
phenomenon of fading. 

Since the advent of the warmer weather 
and the longer days, there has been a very 
noticeable increase in the fading of the 
Bournemouth broadcasting station as rce- 
ceived by the writer at a receiving station 
situated one hundred and seventy miles 
north of Bournemouth. 
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In order to get a thorough understanding 
as to what was happening, observations were 
made of this Bournemouth fading on three 
The entries made in the 
observation book for the first of these three 
nights were summarised in the curve repro- 


successive nights. 


duced in Fig. 1. 


The receiver used in making these and 
subsequent observations was a three-valve 
receiver, a detector valve followed by two 


low-frequency amplifying valves. A loud- 
speaker was used and this was placed at a 
distance of twelve feet from the observer. 
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this kind cannot be compared with instru- 
mental observations, but, where instrumental 
observations are not possible, aural obser- 
vations of signal strength are not to be 
despised. 

The’ first important point to notice with 
regard to the curve in Fig. 1 is that the times 
9.184, 9.23, 9.26, and 9.294, when signal 
strength was at a minimum, are separated 
by time intervals of 44, 3 and 34 minutes. 
This irregularity in the intervals of time 
between successive fadings was noticeable 
in all subsequent observations. 
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TIME IN MINUTES AFTER 9pm. 
Fig. 2. 


Keeping a careful watch on the movements 
of the seconds hand on a small wrist watch, 
an estimation of signal strength was made at 
the end of each minute and also at the half- 
minute when necessary. The observations 
were made aurally according to the scale 
given on the left of Fig. 1. It is scarcely 
necessary to say that aural observations of 


A second important point which may be 
noticed with regard to the observations 
illustrated in Fig. 1 is that the duration of 
minimum signal strength is much shorter 
than the duration of maximum signal strength. 

The next set of observations refers to the 
night following that on Which the first set 
of observations was taken. The observations 
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on this second occasion were taken before 
and after dark. 

For the first twenty minutes of this second 
set of observations, a note was made when 
Manchester was audible in the loud-speaker. 
As already stated, Bournemouth is one hun- 
dred and seventy miles to the south of the 
writer's receiving station. Manchester is 
forty miles to the north-west. The times 
at which Bournemouth was so faint as to 
2llow Manchester to become audible are 
indicated by an asterisk in Fig. 2, the figure 
in which the second set of observations is 
illustrated in the form of a diagram. 
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that one period of fading may have been 
missed owing to an interval in the Bourne- 
mouth programme or owing to interference. 

Taking the time interval between well- 
marked successive occasions of fading, we 
get the following time intervals in minutes : 
I$, 2, I, 3, I}, 24, I$, 4, 3, 5, 3. The only 
real feature of these time intervals is their 
irregularity. 

Practically every case of fading in this 
second set of observations took place quite 
suddenly. The return to better signal 


strength was also rapid in most cases. 
The third set of observations, taken on the 
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TIME IN MINUTES AFTER 10pm . 
Fig. 3. 


In the second set of observations, the times 
of minimum signal strength were: 8.421, 
6.44. 8.46, ? , 8.51, 8.52, 8.55, ? , 9.01, 
9.024, 9.05, 9.063, 9.103, 9.134, 9.184, ? , 
9.254, 9.284, the question mark indicating 


third of the three successive nights, 
illustrated in Fig. 3. 
tions, the time intervals in minutes between 
successive occasions were: 


are 
In this set of observa- 


1; 4, 2, I, 5, 3» 
I, 6, 2, 5, 54, I$, I, a few seconds, 11. 
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Irregularity is again the chief feature of 
the observations. The comparatively long 
periods of strong signals are also noticeable. 


SIGNAL STRENGTH 


TIME SCALE IN SECONDS 
Fig. 4. 


The three sets of observations now de- 
scribed were taken on three successive nights 


EXPERIMENTAL WIRELESS & 


when conditions were presumably normal. 
If there is one thing above all others these 
observations show, it is that fading takes 
place in a most irregular manner. Probably 
the best way of representing such observations 
in a general sort of way, is by means of a 
diagram similar to that shown in Fig. 4, 
1.e., loud signals followed by quick fading, 
with a short period of minimum signal 
strength and a rapid recovery to loud 
signals again. 

In conclusion, the writer would like to 
emphasise the fact that fading is an irregular 
phenomenon, and that the worst thing an 
investigator can do is to start off with the 
preconceived notion that fading is connected 
with some definite numerical quantity such 
as wavelength or transmitting power. 


Among the Experimental Transmitters. 


Delft, Holland, operates under the call-sign 

NPAg. The laboratory contains various trans- 
mitters working on different wavelengths and these 
are distinguished by different suffixes, e.g., PAga, 
PAgb, etc. Reports and correspondence will be 
welcomed and should be addressed to the Radio 
Laboratory at the above address. 


Te Technische Hoogeschool, Kanaalweg, 2b 


Mr. E. J. Simmonds (G20D), Gerrards Cross, 
has been carrying out tests on a 23-metre wave- 
length with Egvpt and succeeded in establishing 
communication by telephony with an experimenter 
in that country on 15th and 16th February with an 
input of only 4 to 5 watts. He sent, by speech, a 
dithcult combination of figures, input powers, etc., 
all of which were perfectly received by the Egyptian 
operator and repeated back on telegraphy. Mr. 
Simmonds was using an Osram T250 transmitting 
valve and the total absence of distortion was 
specially remarked on. The strength of his signals 
was given as Rg. Mr. Simmonds believes that 
this is the first time a 23-metre wavelength has 
been used successfully for long-distance telephony 
on such input and the results are the more sur- 
prising because, during the same period, his 45- 
metre set with an input of over 100 watts failed 
to convey intelligible speech to the same station. 


Mr. C. H. Targett (G6PG), 21, High Street, 
Dartford, who has been experimenting with an 
underground aerial, was in communication, on 
22nd February, with P3GB, G. de Bianchi, at 
Funchal, Madeira. He was transmitting on a 
wavelength of 44.8 metres with an input of 8 watts, 
using 230 volts H.T. from D.C. mains, M.O. DES 
valve and a Hartley circuit. The aerial is 70 ft. 
long, of which 50 ft. is buried to a depth of from 
18 to 24 in. Signals were reported R5 on o.v.I. 
receiver. 


Capt. Duncan Sinclair (G20C) “ Morven,” 
Shepperton-on-Thames, continues working on 23 
metres but is unable to obtain many answers. 
Some excellent tests have been conducted with 
various European stations but, though several 
American stations have been heard at good strength 
on about 30 metres, no long-distance reports have yet 
been received. G2OC is very anxious, for special 
reasons, to work with America, Canada, and South 
Africa. Regular tests are made every Sunday at 
10.00-10.30 G.M.T. with N PC2 and, during the 
afternoon, from 14.00 G.M.T. onwards. Reports 
will be very welcome. 


Amateur transmitters in Madeira have adopted 
the International prefix “ P” on account of the 
geographical position of the island in relation to 
Portugal. Their call-signs will begin with the 
figure “3'' to distinguish them from those in 
Lisbon which have “ 1 ” as their first component. 
It is understood that Portugal and Madeira will 
adopt the system, already in use in America, 
Australia, New Zealand and other countries, of 
indicating the district in which the station is located 
by the initial figure or letter of the call-sign. 


We understand from Mr. C. A. Jamblin (G6BT), 
the Hon. Organiser of the Transmitter and Relay 
section, that the Radio Society of Great Britain 
has received several hundred QSL cards from 
abroad for British amateurs which, so far, have 
not been claimed. Transmitters who are expecting 
such cards are asked to forward stamped and 
addressed envelopes to Mr. C. A. Jamblin, 82, 
York Road, Bury St. Edmunds, Suffolk, who will 
forward any cards that may be awaiting them or, 
if there are none, will file the envelope for future 
use. Envelopes should not be smaller than 6 in. 
by 44 in., preferably of the thin foreign variety, 
and should have the addressees call-sign clearly 
marked on the left-hand top corner. 
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The Lorenz High-Frequency System for 
Radio Transmission. 


By F. W. Gillard, A.M.LC.E. 


“rea possibility of generating radio 
frequency currents by means of alter- 
nators has intrigued many talented 
engineers, and while the design and operation 
of alternator systems has hitherto been 
extremely difficult, it may be that this very 
difficulty has been the cause of some of the 
attempts. 

The three best known alternator systems 
-are :— 

(1) The Goldschmidt, an alternator- 
transformer.—The machine generates a 
medium frequency, while windings on 
both stator and rotor multiply this up 
to the required radio frequency. It will 
be seen that high voltages and losses 
are concentrated in the machine itself. 
Efficiency of Goldschmidt machine at 
Tuckerton 54 per cent. measured on motor 
input to antenna“ kW. 


(2) The Alexanderson.—This is a true 
radio-frequency alternator, generating in 
its own windings the output at the fre- 
quency desired. It, of course, has many 
of its losses, etc., concentrated in the 
machine itself. The zookW. set des- 
cribedt is driven by a 600 h.p. induction 
motor, giving (apparently) an efficiency 
of 44.7 per cent. 

(3) The Telefunken.—This is a system 
of an alternator of moderate frequency, 
from 5,000 to 8,000 cycles, with frequency 
doublers and triplers in cascade sufficient 
to attain the frequency required. 


The efficiency of Nauent at 12,600 metres, 
measured from motor terminals to antenna 
kW. = 66 per cent. at full load of 620 
. kW. motor input. At A = 6,300 metres, 


53 per cent. 


e Eccles, Handbook of Wireless Telegraphy. 

t Bucher, General Electric Review, Oct., 1920. 

ł Ing. Felix Linke, Zeit. des Vereinse D.E., 
20th Nov., 1920. 
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As is well-known, many different schemes 
of frequency doubling and tripling have 
been devised and perfected. The main 
interest in the invention under notice is 
that in a single transformer and without 
exciting coils for D.C. current, it is possible 
to achieve radio frequency output at one 
step. With this brief introduction we 
propose to describe in moderate detail 
a complete installation, consisting of an 
alternator of moderate frequency (5,000 
to 8,000) and its frequency changer and 
circuits, the work of Dr. Karl Schmidt, of 
the Lorenz Co. 


The Alternator. 


The machine is of the inductor type and 
of constant reluctance. Figs. I and 2 are 
respectively a part end elevation and part 
cross section of rotor and stator. On the 
shaft A is mounted a cast-steel rotor B, 
having slots and teeth C. The stator frame 
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D is also of cast steel, cored out to the 
shape shown to accommodate the field 
winding E. The portion of the stator in 
magnetic proximity to the rotor is pro- 
vided with laminations F, which support 
the A.C. windings G laid zigzag as shown. 
The two sections of the stator are wired 
separately and may be connected in series 
or parallel. Also if the two halves of stator 
and rotor are arranged separately, the 
output from each half can be utilised at 
separate radio frequencies for separate 
transmission. 

The machine generates a medium frequency, 
5,000 to 8,000 cycles per second, at speeds 
up to 3,000 r.p.m., at a low-tension. The 
usual figure is 500V with the midpoint 
earthed. The insulation is therefore not 
difficult. 

The field coil E is wound and mounted 
in the stator circumferentially as shown. 
This gives a magnetic circuit as shown by 
the dotted lines. The reluctance of the 
magnetic circuit 1s constant, but as the 
teeth of the rotor pass the corresponding 
conductors of the armature, local variations 
of flux take place, so generating an alterna- 
ting E.M.F. The iron losses through eddy 
currents and hysteresis are obviously very 
small. The rotating parts are therefore 
seen to be without windings and of robust 
construction. The circumferential speed 
never exceeds I15 metres per second, a 
value of known safety. 


Adequate cooling can be provided by air, 
water or oil. The grooves between the 
rotor teeth are also arranged to cool the 
field coil, as a fan. The efficiency of this 
machine may be taken as comparable to 
an ordinary 50 cycle alternator in powers 
of 50kW. and upwards, while its develop- 
ment for small powers of 4kW., etc., is 
remarkable.* 

The motor for driving the alternator is 
usually an ordinary high speed compound 
wound interpolar machine. It is preferably 
slightly under-compounded, so that speed 
may fall slightly with load. Referring 
now to Fig. 9, the field winding SC is in 
series with two rheostats R, and R.. Of 
these, one, R,, is arranged as a speed control 
rheostat. This speed control gear forms 
the last item of the motor alternator unit, 


* G. W. O. Howe, Electrician, Sth May, 1925. 
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and is shown in Fig. 3. It consists of a hollow 
disc A keyed on to the shaft of the alternator. 
This disc carries two fixed contacts B, 
four clips C, and two springs D, each carrv- 
ing another contact E. On the shaft are 
two insulated slip rings F, each connected 
to one of a pair of contacts, the other pair 
being spare and of great use to ensure 
balance. Each fixed contact Bis adjustable 
in its clip by a threaded portion. The 
action is as follows: With the set running 
at speed the spring moves out by centri- 
fugal force. When the spring is at the 
topmost position of its travel, the centri- 
fugal force is lessened by the amount due 
to the mass of the contact and a portion of 
the spring. At the bottom position, the 
two forces are additive. Therefore between 
two speeds, the first at which contact of the 
contacts just begins and the second at which 


contact becomes continuous, the contacts 
touch for a greater or less portion of the time 
of each revolution. These two speeds can 
be adjusted by varying the position of 
contact B in relation to contact E. When 
the contacts B and E are closed they operate 
a small relay which in turn shorts the 
rheostat R, and so increases the field of the 
motor. The correct adjustment of R, and 
R, contacts B and E will hold the speed 
constant with key up and down to I;I00 
per cent. 

In the case of large units, the relay is used 
to control small auxiliary machines, which 
in turn act on the driving motor. 


The Frequency Changer. 


This mav be aptly termed the “ soul of ' 
the system.” It has long been known that 
an alternating current of frequency n could 
be transformed to a frequency of 24 or 3n 
with good efficiency and wave form by 
means of static frequency multipliers. But 
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doubling or tripling is the limit“ of this type 
of apparatus in a single step. But the 
frequency can be raised any odd number 
of times by the Lorenz method up to a 
limit where the efficiency becomes too low 
for practical results. 

Fig. 4 shows a section of one type of this 
transformer, in which AA are soft iron 


Fig. 4. 


cores, consisting of very fine soft iron wire 
enamel insulated, and wound on circular 
bobbins of insulating material D; B, and C, 
H.F. windings of stranded and insulated 
wire wound in toroid form over the iron, 
well spaced and insulated from the iron. 
The two windings are connected in series. 
The whole transformer, core, windings and 
insulation is immersed in oil in an Iron tank, 
with suitable terminals for the ends of the 
windings and sundry taps. 
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Fig. 5 shows a skeleton circuit for purposes 
of explaining the action of this transformer. 
If an alternator A be connected as shown 
to an inductance L,, a condenser C, and an 


iron-cored choke coil L, and the values of. 


these inductances and condenser be adjusted 
to give the circuit resonance with the alter- 
nator, a heavy current will flow in AL,, Lz, 
C,. Now suppose that the iron-cored 


* Eccles, Handbook of Wireless Telegraphy and 
Telephony, gives several methods. 
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choke L, has a magnetic circuit that is 
easily saturated by the current in AL,, L., 
C, at resonance. We shall then have a set 


Fig. 6. 


of conditions as shown in Fig. 6 where 1 
is the curve of current in the circuit, shown 
here as a sine wave. B, the curve of state of 
magnetism of iron core, while E, Fig. 7, 
denotes an induced E.M.F. across the coil 
at each reversal of magnetism B. This 
induced E.M.F. is seen to be in alternate 
directions and of decided peak form shown 
in Fig. 7. The impedance of the iron-core 
coil L, 1s of course negligible when saturated. 


Fig. 7. 


Suppose now we connect across L, another 
circuit C.L, and tune this to an odd multiple 
of the alternator frequency. We shall then 
have in L.C.L, a series of very slightly 
damped high frequency currents as shown 
in Fig. 8. It is thus seen that this amounts 
to shock excitation of the secondary circuit 
and is entirely independent of any har- 
monics the machine may have or may not 
have. 

The efficiency of this transformer mav 
reach 95 per cent. It is of course less when 


Fig. 8. 


very short waves are required from the 
secondary. But it should be observed 
that its losses are almost entirely iron losses. 
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We can now pass to the diagram of a 
complete transmitting plant as shown in 
Fig. 9. 

M is the motor, complete with D.P. 
switches, circuit breakers and fuses, ammeter 


A, voltmeter V,, starter ST, shunt field 
coils SC, and field rheostats R, and R.. 
The contacts CC are the speed control 
contacts on the alternator shaft, fed from 
the local battery B. These contacts and 
battery operate the relay R which in turn 
short circuits the rheostat R.. 


A, is the alternator armature, F its field 
coil, with a voltmeter V, across it. The 
alternator circuit consists of A „, the armature, 
a single pole switch S, ammeter A, vario- 
meter inductance L,, condenser C,, fre- 
quency transformer FT, ammeter A,, and 
variometer inductance L,. 


The function of the variometer L, is of 
interest. Without this inductance the low 
frequency current of circuit Li; Cy, FT, 
L, (practically wattless) would traverse 
the machine. The kW. output of the 
machine is limited by its K.V.A. capacity. 
But by inserting L , the wattless current does 
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not traverse the machine, which latter only 
supplies the energy current and so works on 
a high power factor.* 

The high frequency circuit consists of 
the frequency changer FT, condenser C,, 


7 
(4:: 
a 


Fig. 9. 


inductance L, coupling coil L,, and iron- 
cored choke coil KC. These two circuits, 


Fig. Io. 


* British Patent No. 194,007. 
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the alternator circuit and the high frequency 
circuit carry the currents shown in Figs. 
6 and 8 respectively, while the graph of 
tension across the frequency changer FT 
is shown in Fig. 7. 

We can now amplify the particulars 
of Figs. 6, 7, and 8. These refer to a 
40kW. alternator, with 160 teeth on the 


rotor, giving a frequency of 7,150 at 
Fig. 11. 
2,680 r.p.m. The high frequency circuit 


is tuned to the seventh harmonic giving 
a high frequency of 50,050, equal to a A = 
6,000. Fig. II shows the current in the 
antenna, all these figures being based on 
actual oscillograph records. 

The choke coil KC is used for keying. 
A section of one type is shown in Fig. 10. 
It will be seen to be stmilar to the frequency 
changer shown in Fig. 4. But the keying 
coil has less windings for H.F. current, 
as it is not desired that the H.F. current 
should saturate the iron. 

There are, as before, two iron cores A and 
A, each with its separate H.F. winding B, 
so connected that each winding induces 
magnetic polarity opposite to the other. 
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Wound as a toroid around both cores and 
H.F. windings is the D.C. winding C. 

When current flows in the D.C. winding, 
the iron is saturated and the impedance of 
the coil to H.F. currents is negligible. When 
the D.C. is absent, the impedance is ample 
to prevent the flow of H.F. current. The 
opposing polarity of the two iron cores is 
to prevent any induced H.F. E.M.F. in the 
D.C. leads. 

The keying coil is immersed in oil in an 
iron tank similar to the frequency changer. 
It is interesting to note that 200 watts 
D.C. will key quite perfectly 25kW. in the 
antenna. 

The aerial circuit is quite standard and 
consists of the inductance ATI, coupling 
coil L, variometer L., and ammeter A, 
together with the usual German visual wave 
indicator WJ consisting of a rotating tube 
filled with helium and driven by its motor M.. 

For telephony, of course, the keying coil 
KC would be controlled by microphone 
currents suitably amplified, reminiscent of 
the Alexanderson magnetic amplifier. 

The details given here are for a station 
of moderate size—25kW. in the antenna— 
but are correct in principle for the system. 
It will be seen that losses in the alternator 
itself are small and that practically all the 
other losses are concentrated in the iron 
of the frequency transformer and keying 
coil. The system has been successfully 
applied in powers from 200 watts in the 
antenna to 1,0o00okW. motor input. This 
last size gives an overall efficiency, antenna 
kW. to motor input, of 75-80 per cent. 
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Inductance Coils Quantitatively Compared. 


By A. L. M. Sowerby, B.A., M.Sc. 


HE writer has recently commenced an 

l investigation into the high-frequency 

resistances of different inductance coils, 
and offers here some preliminary results of 
his experiments. 

The object of the preliminary investi- 
gations here detailed was to discover, by 
means of some careful comparative measure- 
ments, the relative high-frequency resis- 
tances of a number of coils of different types, 
both commercial and home-made, and, if 
possible, to determine whether the “ low- 
loss ” coil, of spaced thick wire on a skeleton 
former, was sufficiently superior to all others 
to justify the bulk and difficulty of winding 
that it necessarily involves. 


Method. 
With the enthusiastic assistance of a 
friend (Mr. Cedric Vaughan-Spencer) a 
Moullin voltmeter was set up as in Fig. 1, 


SHORT 
INDOOR 
AERIAL 


Circuit showing how the Moullin 
Voltmeter was set up. 

using anode rectification in order to avoid 
the heavy damping inseparable from grid 


Fig. I. 


rectification. The coils to be compared 
were connected in turn in its grid circuit, 
and tuned by the small variable condenser 
C, to the frequency of 2LO, or to that of a 
local oscillator equipped with a tiny aerial. 
In either case a small aerial, consisting of a 
few feet of wire, was used as an energy 
collector, in order that variations in the 
amount of energy picked up by the coils 
direct might be very small compared with 
the total energy collected. The variations in 
plate current caused by tuning the coils to 
be tested to resonance with 2LO or the 
oscillator were then compared, and the coils 
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arranged in “order of merit ” by this means. 

All the coils tested were compared, in all 
the various experiments, with a standard 
“low-loss” coil, 44 inches in diameter, 
wound with 20-gauge bare wire on a skeleton 
former, the turns being spaced about fourteen 
to the inch. The inductance of this coil 
was about 250 microhenries; all coils 
tested (with the exception of some multi- 
layer coils) were adjusted to the nearest 
half turn to tune to 2LO or the local oscil- 
lator with the same setting of the tuning 
condenser C,, so that the L/C ratio remained 
sensibly constant throughout the experi- 
ments. In measurements of this type it is 
essential that this precaution be not neg- 
lected, as otherwise very misleading results 
are obtained, the deflection observed at any 
fixed frequency being greater the greater 
the inductance of the coil. In both sets of 
readings, the tubes used as formers for the 
coils were “ waxed cardboard ” tubes sold for 
the purpose, which were used without any 
further treatment. 

In all coils wound on tubes, the turns were 
as close together as ordinary hand-winding 
would permit ; no wax or shellac was used 
on the wire. 

The first series of readings were taken on 
2LO's carrier, at a distance of about 500 
yards from that station; only one or two 
special coils were wound for the experiments, 
the bulk of the measurements being made 
on coils that the writer already possessed. 

The results, which are of general interest 
only, are summarised in Table I. 


Details of Moullin Voltmeter. 


Valve used, DE5b, H.T., 120 volts 
(accumulator); grid-bias, —6 volts (accu- 
mulator); L.T., 6 volts (no rheostat). 
The whole load in the anode circuit was 
shunted by a 2-microfarad condenser. 

It will be seen that, although no very 
definite conclusions can be drawn from this 
series of measurements, the coils of finer 
wire, although very markedly inferior to 
the low-loss coil, have a resistance lower 
than might have been expected, and are, 
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in fact, better than the best multilayer 
coil, whether commercial or not, that was 
examined. 
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In order to confirm further the reliability of 
the method emploved, experiments were 
made under widely varying conditions ; in 
all cases the same “order of merit ” was 
obtained, with approximately the same 
relative differences between the coils. 


TABLE I. 
Steady plate current of voltmeter: 675 micro- 
amps throughout. 
-— Anode | Deflec- 
Coil. Ci Current. tion. 
 (degrees.) (pA) ` (pA) 
wa a, i 
| 
Standard = 93 | 2,600 1,925 
44” tube, 28 D.S.C. 89 2150 1,475 
441" tube, 22 D.S.C.. 94 2,350 | 1,075 
4” tube, 34 D.s.c. 86 1,950 . 1,275 
4!” tube, 22 D.S.C. 52 2,575 1,900 
Best commercial | 
coil tested 54 2000 ' 1,325 
Other commer- 
cial coils Various 830 155 
to to 
1,950 1,275 


A further series of experiments was then 
undertaken, and a number of coils were 
wound with various gauges of wire to the 
same inductance value, in order to deter- 
mine whether, as has recently been stated,* 
the D/l ratio of the coil plays a greater part 
in determining the resistance than the gauge 
of wire used, and the spacing between turns. 

For this series of experiments, made at a 
time when 2LO was silent, the local oscil- 
lator, tuned approximately to 365 metres, 
was used; to swamp direct pick-up on the 
coil the aerial was retained, and the oscil- 
lator was placed some ten feet from the 
Moullin voltmeter. 

The results are shown in Table II, a full 
description of the coils being given in 
Table IIa. | 

Steady plate current, 400 microamps. 
This was checked repeatedly throughout 
the whole series of experiments, and there 
was no variation readable on the o—z2 
milliammeter employed. 

The readings for the low-loss coil taken 
as standard are repeated in the table wher- 
ever they were checked in the actual experi- 
ment; no measurable difference in the 
readings for the coil were observed during 
the evening, thus confirming the constancy 
of the oscillator output, and of the extremely 
loose coupling between it and the voltmeter. 


J.H. Reyner, Wireless Weekly, 11th and 18th 
November, 1925. 


TABLE II. 
Anode 
Current 
C, at Deflec- 
Coil. (degrees.)| reson- tion. 
ance. (uA) 
| (HA) 
Standard low loss | gI 1,600 1,200 
I | 89} 1,250 850 
2 oe 9I 1,060 660 
3 ea F | oI 1,060 600 
Standard és 1,600 1,200 
4 I 92 955 555 
5 T z 90} 940 540 
Standard sa | 1,600 1,200 
6 PES QI 1,400 1,000 
7 SA == | go} 1,225 825 
Standard saj 1,600 1,200 
8 ŝia gI 1,225 82 
9 site = go» 1,015 015 
Standard = 1600 1,200 
10 oe | go 995 595 
II T go 945 545 
12 i | 92 830 430 
Standard | 1,000 1,200 
( 44” tube, 20-gauge 
J bell-wire | 90.5 1,525 1,125 
Hank - coil of 20- 
L gauge bell-wire 91} 690 290 
TABLE Ila. 
| | | D.C. 
Length resist- 
Coll Dl "Dian; (approx. | Wire | Turns ance 
No. ins. ins.) | S.W.G. approx 
| | | (ohms) 
| 
tube | D.S.C. 
I' 14 | 3” 2.1 | 22 00 | 0.67 
2 2.8 3” 1.07 28 58 | 2.1 
3 gro | 37 0.97 30 57 30 
„2 3 E „3. 0.59 34 520: 4-9 
5 55 | 3 0.55 | 36 59 | 69 
t D.C.C. | 
6 105 | 3” 2.88 22 79 | 0.72 
Jo DIE: 3 -3' 1.43 28 OI 2.2 
| D.S.C. | 
Sy e op tat 1.5 22 46 0.62 
9 5.8 | 4” 0.69 28 40 1.9 
IO, O.I 4” 0.05 | 30 39 2:7 
II‘ 10.0 4” o4 | 34 35 4-4 
12 : 10.0 | 4” 0.38 | 36 34 | 6.3 
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It is not claimed that these figures can 
give absolute values for the resistances of 
the coils examined, but they do very defi- 
nitely arrange the coils in “ order of merit ” 
and, further, give a very fair numerical idea 
of their relative high-frequency resistances. 

In plotting a curve of wire-diameter 
against deflection it was discovered that 
the points did not lie on as smooth a curve 
as one would like, from which it followed 
that some unrecognised source of minor 
error was at work. Breathing on a coil at 
once revealed the probable cause of the 
variations ; an immediate reduction of the 
deflection from 825 to 750 microamps 
followed, a change that showed clearly that 
any slight difference in the dampness or 
method of handling of the coils would be 
enough to account for the irregularities of 
the curve, indicating that proper precaution 
would have to be taken in future experiments 
to make the coils moisture-proof. 


Results. 

The general direction of the curve, after 
allowing for all inaccuracies, is nevertheless 
perfectly unmistakable; the finer the wire 
the higher the resistance in both series ; and 
if, as has been claimed, there is an optimum 
Djl ratio, its effect is entirely masked in 
the present experiments by other far more 
potent factors. 

The author of the article already referred 
to further states that owing to its favourable 
D|l ratio, a hank coil has a resistance approxi- 
mately equal to that of an equivalent 
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solenoid or low-loss coil; reference to the 
figures obtained by the present writer will 
show that he was completely unable to con- 
firm this, the resistance of the hank coil 
being such that the deflection given by it 
was about one-quarter of that given by the 
low-loss coil used as standard, or by the 
corresponding solenoid. 

A preliminary glance at the effect of 
spacing is given by comparison of the two 
3-inch coils wound with cotton-covered wire 
with the corresponding coils wound with 
silk-covered wire ; the slight extra spacing 
afforded by the thicker covering results in 
a very marked decrease in resistance. 

The writer’s further results, which he 
hopes to communicate later, indicate defi- 
nitely that the variation here ts due primarily 
to the change in the spacing, and not to 
the difference in dielectric involved in the 
substitution of cotton for silk. 


Conclusion. 


It is an indication of the difficulty of such 
measurements as these, that two independent 
investigators should come thus to diametri- 
cally opposite conclusions ; it is to be hoped, 
however, that with improvements in tech- 
nique such divergencies will disappear. The 
writer, however, feels that as he is sup- 
ported in his results by the whole trend of 
modern practice, his method is reliable for 
the comparison of coils with identical induc- 
tance values, and he proposes to continue 
his investigations along the same lines. 


——— i — 
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' The Use of Small Receiving Valves for 
Transmitting. 


By A. G. Wood. 


“Prout writer having recently carried 
out a number of experiments in 
transmitting, using receiving valves, 
an account of the results may be of interest 
to other experimenters. 

For the tests Cossor PI valves were used. 
Now a Cossor valve will normally work 
on about 34 volts on the filament and 30 
to 80 volts on the plate, and using these 
values very good results are obtainable 
for receiving. The writer decided to use 
a valve of this type for transmitting. The 
principal reason for using receiving valves 
was, in the first place, financial, but after a 
few preliminary tests the possibilities were 
revealed, and further tests were made. 


ka 
Fig. 1. 
The circuit used, Fig. I, was the “ straight 


Hartley.” This circuit appears particu- 
larly adapted for low power valves, as 
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several other circuits were tried without 
such success. H.T. supply consisted of 
about 500 volts full-wave rectified A.C., 
sometimes smoothed and sometimes more 
or less “ raw.” 

The voltage applied to the filament was 
at first five and finally six and under 
these conditions the valve appeared to stand 
up extremely well. The preliminary tests 
were carried out using D.C. on the filament ; 
but-afterwards A.C. was substituted without 
any drop in efficiency. 

The thermionic flow in a receiving valve 
operating under normal working conditions 
is generally in the neighbourhood of two 
or three milliamps. On this particular 


ELECTROLYTIC 
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The “Hariley'” circuit used in the expertments referred to in the article. 


circuit the milliammeter registered no less 
than twenty milliamps. 
possible to work speech without the valve 


On this load it was 
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overheating, provided several points were 
taken into account. In the first place, a 
grid-leak was used consisting of two electrodes 
immersed in rainwater. Thus, the value 
could be adjusted to a nicety bv varving 
the amount of the electrodes immersed. This 
was very critical, and if it was at all out of 
adjustment the valve would immediately 
heat up and “ blue.” Next, it was abso- 
lutely necessary to keep the aerial circuit 
exactly in tune, otherwise the same effect 
would be noticed. 

The usual procedure for tuning was as 
follows: Resistance was inserted in the 
primary of the high tension transformer and 
both the smoothing chokes in the H.T. side 
were put into circuit. In addition the 
filament was somewhat reduced. The power 
was then switched on and careful adjust- 
ments made for best radiation. Having 
adjusted everything correctly, the filament 
was increased to the full six volts and the 
resistance taken out of the H.T. circuit. 
An immediate increase in radiation was, 
of course, noticed. The grid-leak had to be 
readjusted slightly as the power went up. 
After several tests on speech with the full 
IO watts it was decided to ascertaim what 
power could be employed for C.W. or 
intermittent signalling. The chokes were 
accordingly taken out of the smoothing 
circuit, which had the effect of considerably 
increasing the H.T. volts. Milhamps rose 
to 35, and still the valve kept cool, provided 
only key load was taken. The power was 
then nearly 21 watts. Test calls were 
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made and a report from Copenhagen, 
about 620 miles away, reported very strong 
signals. 

The next experiment was to parallel 
two valves of the same make and test results. 
This was done, and the milliamps were then 
50, the power in the plate circuit being 30 
watts. Sundry adjustments were care- 
fully made and the milliamps went up to 
60 with a corresponding increase in radiation. 
The power was then a little over 35 watts, 
both valves remaining cool. By “cool 
it is meant that the plates were just dull 
red. 

Although it 1s of no practical use to give 
the radiation obtained, since all results 
differ between experimenters, it may be of 
interest to a few to know that the aerial 
current was in the neighbourhood of 1.6 
amps on the shorter waves and a little over 
two amps on the longer. Whilst carrying 
out the tests on the higher power, the writer 
accidently moved the aerial series condenser. 
The result was instantaneous and disastrous. 
Every condenser in the circuit seemed to 
spark over and both valves “ blued” 
violently, milliamps rushing up to the neigh- 
bourhood of 150. After that, it was necessary 
to reduce power considerably and let the 
valves cool off. 

However, the last test was running matters 
to extremes, and there is no reason why an 
ordinary receiving valve cannot be used on 
IO watts speech (t.e., continuous load), pro- 
vided sufficient precautions are taken and 
the circuit is properly designed. 
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Power Loss in Condensers. 


By L. Hartshorn, A.R.C.S., B.Sc., D.I.C. 
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(Electrical Department, National Physical Laboratory.) 


of variable air condensers of more or less 

new design have been put on the market, 
and it is obvious to the most casual observer 
that the general trend of the modifications 
made in their construction is towards low 
power loss. The importance of low power 
factor for condensers to be used in precision 
measurements has long been realised, but 
it is probable that its importance in general 
radio frequency circuits is only fully 
realised when small condensers suitable for 
short-wave work come to be used. Two 
cases in which power losses were the cause 
of trouble have recently forced themselves 
on my attention. First, an oscillating 
circuit was fitted up, but it refused to 
ascillate so long as a particular condenser 
was included in it. On substituting another 
condenser of the same capacity for this 
particular one, vigorous oscillations occurred. 
Subsequent tests proved that the condenser 
which gave the trouble possessed a large 
power factor. The second case was that 
of a precision wavemeter, which although 
satisfactory when new, showed a gradually 
decreasing sensitivity in the course of a 
vear or so. Here again the trouble proved 
to be due to high power factor. Thus it 
may be worth while to inquire into the 
cause of power loss in condensers and the 
means whereby it may be avoided or at 
any rate reduced. 


The Function of a Condenser—Power Factor. 


In essence, a condenser consists of a 
portion of insulating material (generally 
air, mica, oil or paper) provided with two 
conducting electrodes (the plates of the 
condenser), by means of which an elec- 
trostatic field may be maintained in the 
insulating medium or dielectric. When the 
field is set up by applying an electromotive 
force to the plates of the condenser, the 
condenser is charged, the dielectric is said 
to be electrically polarised and possesses 
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a certain amount of electrical energy. 
When the potential difference between the 
plates of the condenser is reduced to zero, 
the polarisation of the dielectric collapses 
and the condenser gives out its stored 
energy to the circuit in which it is connected. 
Thus when the potential difference between 
the plates of a condenser is alternating, as 
in an oscillatory circuit, the condenser is 
continually storing energy and then giving 
it back to the circuit. At the same time 
the charges on the plates of the condenser 
are continually alternating, and thus the 
condenser is regarded as carrying current. 
In a perfect condenser the whole of the 
energy stored by the condenser when it 
is chargedis given back when itis discharged, 
and thus when the condenser carries alter- 
nating current, energy is merely alternately 
stored and given back by the condenser, and 
there is no net loss of power as a result of 
the passage of current through it. The only 
perfect dielectric is a vacuum, though air 
and other gases are very nearly perfect. 
In the case of all solid and liquid dielectrics, 
some of the energy stored on charge is not 
given back on discharge, and thus when the 
condenser carries alternating current a ' 
certain amount of energy is lost every time 
the condenser is charged and discharged, 
t.e., there is a continual loss of power, which 
is dissipated as heat in the dielectric. If 
the condenser is in a wavemeter this loss of 
power may cause a serious decrease in 
sensitivity and in nearlv all cases it means 
a loss of efficiency. Power losses also cause 
a diminution in the sharpness of tuning 
and in some cases thev are associated with 
changes 1n the calibration of the condensers. 
Itis therefore important to be able to estimate 
this loss in the case of any given condenser 
and to find a property of the condenser 
which is a measure of its quality in this 
respect. The power factor is such a quantity. 
Let V be the voltage (R.M.S.) applied to 
a condenser, let f be the frequency, and 1 
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the current through it. Suppose the power 
dissipated is W. Then the power factor is 
defined by 


Power Factor = 6 say. 


Thus Power Loss W = 1V0 
If C is the capacity of the condenser, then I 
is given approximately by 
I=VC anf 
Thus Power Loss* = W = VC x 27/0 


This gives the energy loss per second, 1.e., 
in each m cycles. The condenser is charged 
and discharged 2f times per second. Thus 
the loss of energy in each charge and dis- 
charge is V2C 7d, 

The energy stored by the condenser on 
charge is 3V,?C where Vo is the maximum 
voltage. Thus the ratio of the energy lost 
in each complete charge and discharge to 
the total energy stored is. 


Energy lost per half cycle V2C70 _ 
Energy stored VC 


V: (R.M.S.) = da 


70 


since 


This ratio is the decrement of the condenser 
per half cycle, and is another measure of the 
quality of the condenser as regards power 


loss. Decrement and power factor are 
in general independent of voltage and 
current. For a condenser built up of a 


given dielectric they are also independent 
of the capacity (that is to say a small 
condenser with mica as dielectric will 
have the same power factor as a large 
one with the same mica as dielectric, pro- 
vided there is no loss except that in the 
mica itself). In many cases power factor 
does not depend very greatly on the frequency 
(though this is by no means a universal 
rule). 


*The power factor is 
usually represented by cos 
¢ where ¢ is the angular 

| phase difference between 

the potential difference 

and current. If we put 

6 go°—¢=6, the power fac- 

tor may also be represented 

by sim @ and in the case 

of acondenser @ is sucha 

y small angle that its sine 

iS approximately equal to 

the angle itself expressed in radians, so that the 
power factor is equal to 9.—G.W.O.H. 


$ 
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Consider now a variable air condenser. 
The dielectric is mainly air, and for all 
practical purposes this may be regarded as 
a perfect dielectric. A certain amount of 
solid insulating material must, however, be 
used to support one bank of plates, and in 
this solid dielectric there will always be a 
certain amount of power loss. For a given 
condenser under a given applied voltage 
the power loss will be in general constant, 
and not dependent on the setting of the 
condenser. The total power stored will, 
however, increase as the capacity increases, 
and thus the decrement and power factor 
will increase as the capacity becomes smaller. 
It is on this account that considerations of 
power loss become more important with 
very small condensers. 


The Causes of Power Loss. 


Power may be dissipated in a condenser 
carrying current in many ways. For 
example, when a potential difference is 
applied to the plates of any actual condenser, 
there is always a very small leakage current 
in addition to the true condenser current. 
In very poor condensers this may be detected 
by an ordinary direct current insulation 
test. As an approximation, leakage currents 
such as are detectable in this way may 
be taken as obeying Ohm’s Law, and thus 
the power dissipated owing to a conductance 
G is V2G, where V is the applied voltage. 
This is the energy lost per second. Evidently 
the energy loss per cycle is V2G/f, where f 
is the frequency, and the higher the frequency 
the smaller is the importance of this loss, 
since the ratio of energy dissipated to energy 
stored becomes smaller. Thus power loss 
due to mere leakage such as is detected by 
ordinary D.C. tests is seldom of importance 
in radio circuits. Nevertheless it is important 
to bear it in mind and to see that leakage is 
reduced to a minimum. It is necessary to 
emphasise here that the leakage under 
consideration is only that which can be 
detected by D.C. tests (by a megger, say). 
It will be shown later that leakage of another 
type mav exist. This is considered in a 
separate section. Taking the case of air 
condensers since these are the most important, 
leakage is generally due to dust between the 
plates. If the spacing of the plates is very 
small or uneven, particles of dust are apt 
to form conducting bridges between them 
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at different points. Conducting fibres from 
paper and cardboard packing are often 
found to be bridging the plates, and it is 
often quite difficult to remove them. The 
momentary application of a high voltage 
will sometimes burn them out and greatly 
improve the insulation of the condenser. 
This effect of dust is clearly shown by the 
following example. Table I gives the 
results of measurements made cn a small 
variable air condenser. 


TABLE I. 

Condenser Power 
Reading. Cap T ty: Factor 
Degrees. PPS 9 

o 28 0.0065 
20 236 0.001 4 
40 512 0.0009 
60 806 | 0.0008 
80 I 082 | 0.0012 

IGO I 305 | 0.0007 


Here the power loss was mainly in the ebonite 
washers insulating the fixed bank of plates, 
and thus, generally speaking, the power 
factor decreases as the capacity increases. 
At the setting 80, there was, however, a 
sudden increase in power factor. Examina- 
tion of the condenser showed that the plates 
were not flat and that they were dusty. 
At the setting ŝo, two of the plates 
approached each other so closely at one 
point that it could be seen that dust bridged 
them. It is evident from the results given 
that the presence of this dust nearly doubled 
the power factor at that particular setting. 
Under certain circumstances the air diclec- 
tric of the condenser may become conducting, 
e.g., at high voltages ionisation may be 
caused, especially at the sharp edges of the 
plates and this will cause a dissipation of 
power owing to the conductance of the 
lonised air. In such a case, both the power 


stored and the power dissipated would. 


increase as the capacity increased, and thus 
the power factor would probably not decrease 
as the capacity increased. 

At high voltages, or in condensers with 
very narrow air gaps, a certain amount of 
power may also be dissipated by mechanical 
vibrations of the plates. Owing to the 
electrostatic field there is an attractive 
force between the plates of a charged 
condenser. The alternations of this force 
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as the electrostatic field alternates, may 
cause the plates to vibrate like a telephone 
diaphragm and thus a certain amount of 
energy is dissipated in the form of sound 
waves. At audio frequencies the “ singing ” 
of the plates of the condenser is easily 
heard if the voltage applied to the plates is 
of the order of 100. The loss of power due 
to this cause is not usually of any Importance 
in practice, except when one attempts to 
use condensers of very small air gap for 
precision measurements, but the existence 
of this loss, and also that due to dust particles, 
are sufficiently important to make it essential 
to have a large air gap (say 2mm. or 3mm. 
at least) in condensers to be used as standards 
of power factor. 

It is important to remember that the 
power dissipated in any actual condenser 
is not entirely dissipated in the dielectric. 
Current must flow not only through the 
dielectric, but also through the plates, and 
through any leads used to connect the 
terminals to the plates. Thus unless the 
resistance of these is negligibly small they 
will add to the power factor of the condenser. 
It is easy to see that this power loss becomes 
more important as the frequency increases. 
For let r be the resistance of the connection 
between plates and terminals. Let J be 
the current through the condenser, V the 
voltage between its terminals and f the 
frequency. Then . 

Power dissipated in resistance 7 = [?r 
f l DIr _Ir_2nfCVr_ ; 
.. Power Factor EVO” VP = anfCr, 
C being the capacity of the condenser. 
Thus a power factor due to this cause 
increases with the capacity reading and 
with the frequency. 


Dielectric Hysteresis. 


The sources of power loss so far considered 
are all of a comparatively simple nature. 
The laws governing the actions concerned 
are fairly well known and it is not difficult 
to reduce such power losses practically to 
zero by careful construction of the condenser. 
There always remains, however, a certain 
loss of power in the solid insulating material 
used, and this is by no means well under- 
stood. It is much greater with alternating 
current than the leakage resistance as 
measured with direct current would lead us 
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to expect. It increases with increase of 
frequency, and is commonly referred to as 
dielectric hysteresis, apparently in the belief 
that it is connected with dielectric polarisa- 
tion in much the same way that magnetic 
hysteresis 1s connected with magnetic polari- 
sation. The general similarity between 
the laws of magnetic and dielectric actions 
certainly makes this seem plausible. 


The phenomena of magnetic hysteresis 
are well known. When a magnetic material 
is taken round a cycle of magnetisation, 
the magnetic polarisation lags behind the 
magnetising force, probably owing to the 
existence of special molecular forces. As 
a consequence of this a certain amount of 
energy is lost in every complete cycle of 
magnetisation, the amount of this energy 
per cycle being constant for a given quantity 
ofa given material subject to the same degree 
of magnetisation, and not dependent on 
the time taken to complete the cycle, 
t.e., the frequency. Thus, when the 
magnetising force becomes zero, the mag- 
netisation is not zero and we have the 
phenomenon of permanent magnetism. 


If by the term dielectric hysteresis we 
understand exactly similar actions in con- 
nection with the electric polarisation of 
insulating materials, then the general trend 
of modern research on dielectrics suggests 
very strongly that dielectric hysteresis does 
not exist. It certainly will not account for 
the power dissipated by ordinary imperfect 
condensers. 

If the power loss in a given condenser 
were due to dielectric hysteresis, then it 
is easy to see that the power factor would 
be independent of the frequency. For a 
given voltage the power lost per cycle would 
be constant, the power stored per cycle 
would also be constant, and thus the 
decrement and power factor would be 
constant. In practice this is not found to be 
the case, except over a limited range of 
frequency. Bairsto* found enormous changes 
of power factor with frequency. 

Another important fact is that there 
appears to be no electrical equivalent of 
permanent magnetism, which is a consequence 
of magnetic hysteresis. If the electric force 
acting on a dielectric 1s reduced to zero, 
the electric polarisation also falls to zero 


* Bairsto. Proc. Roy. Soc. 


Vol. 96, p. 363, 1920. 
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eventually, 7.e., if a condenser is short- 
circuited it always loses all its charge, if 
sufficient time is allowed, whereas a magnet 
appears to be able to retain its magnetic 
polarisation indefinitely even when the 
applied magnetic force is zero. 

In short the existence of dielectric hys- 
teresis in the strict sense of the term has 
never been proved. The only evidence for 
it is the fact that the power factor of a 
condenser is sometimes constant over a 
considerable range of frequency. If, how- 
ever, the range of frequency is made as large 
as possible, changes in power factor are 
always observed. Constancy of power factor ' 
over a limited range of frequency is in itself 
insufficient evidence since this may be due 
to a number of causes. 


Dielectric Viscosity— Absorption. 


Realising that the term dielectric hys- 
teresis was insufficient to account for power 
losses in insulating materials, several workers 
have made use of the term dielectric vis- 
cosity. The idea is that the polarisation of 
a dielectric is resisted by forces which increase 
when the rate of polarisation is increased, 
1.e., they obey laws similar to those which 
oppose the motion of bodies in a viscous 
fluid. Work is expended in overcoming 
these forces and thus arises the power loss. 
The greater the frequency the greater the 
loss. Bairsto supposed that the losses due 
to this cause were proportional to the square 
of the frequency, t.e., the power loss per cycle 
and therefore the power factor were propor- 
tional to the frequency, though this law does 
not appear. to possess any considerable 
theoretical or practical foundation, being 
merely a tentative assumption. On account 
of these viscous forces the electric polarisation 
may be regarded as lagging behind the 
electric force when alternating voltage is 
applied to a dielectric, and this may be 
regarded as dielectric hysteresis using the 
term in a generalised sense. 

This dielectric viscositv is really another 
name for the older term dielectric absorption. 
When a constant voltage 1s applied to a 
condenser there is a sudden rush of current 
into it (the “instantaneous charge ”). This 
is followed by a current which may be fairlv 
large at first, but which rapidly decreases 
until finally there is only the constant 
“leakage current.” 
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We are not here considering the exponen- 
tial law of charge of a condenser in a circuit 
of definite resistance, which merely shows 
how the voltage across the condenser ter- 
minals increases. We are considering the 
case of a constant voltage instantaneously 
applied to the condenser terminals. If now 
the condenser is short-circuited, through 
a galvanometer say, there is first a sudden 
rush of current in the opposite direction to 
the charging current. This is the “ in- 
stantaneous discharge.” It does not im- 
mediately decrease to zero, but we have a 
current flowing out of the condenser perhaps 
for hours or even weeks.” The charge carried 
bv this current is regarded as having been 
“absorbed” by the dielectric during the 
charge. This absorption current is large at 
first, but rapidly becomes smaller as time 
goes on, eventually becoming zero and leaving 
the condenser completely discharged. These 
absorption currents occur not only at charge 
and discharge but whenever the voltage 
applied to a condenser is changed in any 
way and in all cases the current is greatest 
just after the change has been made. It 
rapidly decreases with time. When the 
condenser is subject to alternating voltage, 
this absorption current must be flowing the 
whole time and the higher the frequency, 
t.e., the more rapid the changes in voltage, 
the larger is this current. Further it is not 
exactly in quadrature with the applied 
voltage, as the “instantaneous charging 
current ” is, since the current due to any 
increment of voltage persists after that 
increment is completed. The result is that 
the current through the condenser possesses 
a component (the absorption component) 
which varies with the frequency, increasing 
with increasing frequency, and which is not 
exactly in quadrature with the applied 
voltage. This means that there is a certain 
loss of power, and also that the capacity of 
the condenser varies slightly with the fre- 
quency. Current in a dielectric is regarded 
as rate of change of polarisation. Thus we 
may explain the above facts by saying that 
the polarisation of the dielectric possesses 
an absorption component, which lags behind 
the applied electric force. The effect is 
also exactly the same as that which follows 
from the idea that the polarisation is opposed 
by a “ viscous ” force. The resultant polari- 
sation lags behind the applied force, that is 
to sav, we have dielectric hysteresis in the 
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general sense of the term. The experimental 
laws governing this absorption current and 
the power loss due to “ dielectric viscosity,” 
or “after effect” as it is sometimes called, 
have been investigated in some detail and 
in several cases it has been proved that the 
power losses in dielectrics are entirely due 
to this cause. 


The Fundamental Nature of the Actions. 


We have shown that “dielectric power 
loss,” ‘‘ dielectric hysteresis,” ““ dielectric vis- 
cosity ” and “absorption” are probably 
merely different terms for the same funda- 
mental phenomenon. The question mow 
arisss: What is the true nature of the 


A B 


(a) (b) 
Fig. 1. 


phenomenon ? A completely satisfactorv 
answer to the question has not yet been 
given, though a number of possible explana- 
tions have been proposed. 

Maxwell showed that if we may regard a 
dielectric as being built up of a number of 
components with different dielectric con- 
stants and resistivities, then the phenomena 
can be accounted for at least qualitativelv. 
Without going into the mathematics of the 
question, the actions may be described as 
follows: Let Fig. 1 (a) represent a slab of 
dielectric. Suppose it is built up of several 
components, one (unshaded) mav be a 
perfect insulator, the others (shaded) may 
possess quite considerable leakage con- 
ductances. The whole conglomeration mav 
be represented by a system of small con- 
densers and resistances as shown in Fig. I (6). 
Consider now the properties of this system :— 


1. In the system as drawn in Fig. 1 (b) 
the “insulation resistance ” 1s infinite since 
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the condensers not shunted are assumed to 
be perfect, and there is no complete con- 
ducting path between the electrodes A 
and B. 

2. If a constant voltage is suddenly 
applied to A and B, then in the first 
instant, before any current has time to flow 
in the resistances, the whole system takes 
an “instantancous charge” depending 
only on the component capacities. Each 
component condenser takes a certain 
change, the magnitude of which depends on 
its capacity, and thus there is a definite 
potential difference across each of these 
condensers. As a consequence of this 
P.D. currents begin to flow in the resis- 
tances, and as the currents reduce the P.D. 
producing them, they rapidly decrease. 
Thus these currents form the “ absorption 
current.” They have the effect of in- 
creasing the charge on the more perfect 
condensers. The whole system after a 
time acquires a charge larger than the 
instantaneous charge. Hence the apparent 

. dielectric viscosity is explained. 


3. If now alternating current is sent 
through the system, some of this current 
will pass through the resistances, thereby 
dissipating power. For a given voltage 
the amount of current passing through 
the resistance will depend to a great extent 
on the frequency and thus we have a power 
loss, varying with the frequency although 
the “ D.C. leakage current ” is zero in the 
case considered. 


Thus according to Maxwells theory, 
“ dielectric hysteresis loss” is essentially 
of the same nature as the power dissipated 
in any conductor. If there were no other 
source of power loss, then in a perfectly 
homogeneous insulating material there should 
be no power loss other than that calculable 
from D.C. leakage experiments. 

A totally different theory has been 
advanced by von Schweidler.* The electron 
theory explains the instantaneous charge 
taken by a dielectric as the displacement of 
electrons within the molecules of the material, 
these electrons being bound by elastic forces 
to the nuclei of the molecule, and thus being 
capable of vibratory motion of definite 
frequency about their equilibrium positions. 


* von Schweidler. 
P- 752, 1907. 


Ann der Physik. Vol. 24, 
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The motion of these electrons is controlled 
solely by the applied force and these elastic 
forces ; there is no frictional force and thus 
no power is dissipated by the motion. A 
perfect dielectric contains only electrons of 
this class. An imperfect dielectric according 
to von Schweidler possesses in addition 
certain electrons or ions which are acted on 
by frictional forces also, so that if they are 
displaced from their equ'librium position and 
then released they do not vibrate, but slowly 
return to that position. These are the cause 
of the power loss and absorption phenomena. 
Some of these electrons (or ions) move 
extremely slowly,’ and others relatively 
quickly under the influence of a given applied 
force. Those which are capable of very rapid 
motion very largely determine the power 
losses at high frequencies. 

These two theories are obviously sufh- 
ciently wide to cover almost any observed 
power loss measurements, but the available 
experimental evidence is quite insufficient 
to determine to what extent each applies 
in practice. What we know may be 
summarised thus :— 

All solid insulating materials possess a 
power-factor which is greater than zero. 
This power-factor may either increase or 
decrease with frequency ; but over a limited 
range of frequency it is often constant. 
This power-factor is in many cases very 
intimately connected with absorption pheno- 
mena. In composite insulating materials 
such phenomena are certainly due in part 
to the heterogeneous structure of the 
material. 


Surface Leakage. 


In variable air condensers the solid insu- 
lating material used is always in the form 
of pieces of small cross section. The elec- 
trical behaviour of such pieces is usually 
very largely influenced bv surface leakage. 
The nature of this 1s probably somewhat 
as follows: The surface of a solid can seldom 
be regarded as chemically clean. It is nearly 
always covered with a film of “ dirt” of 
some kind. This may consist of more or less 
pure water which condenses from the atmo- 
sphere, or the material itself may undergo 
chemical changes under the influence of 
sunlight, air and moisture. Ebonite is a 
well-known example of this. The sulphur it 
contains tends to oxidise and form sulphuric 
acid at the surface. This surface “ dirt,” 
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however it is formed, is not a good insulator. 
It may decrease the insulation resistance of 
the condenser verv seriously. The effect 
on the direct current leakage resistance which 
has already been considered mav however 
be verv small compared with that on the 
power factor with alternating current. For 
this “ surface leakage ’’ may produce all the 
phenomena of dielectric viscosity, etc. The 
moisture which condenses cn the surface of 
the insulator does not spread in a layer of 
uniform thickness over the whcle surface. 
It tends to collect in small drops which are 
not in contact with each other. These drops 
on the surface mav be represented by Fig. 
I(a), and the svstem may be represented 
by the capacities and resistances in Fig. 1(b), 
and may give rise to ““ hysteresis losses ” as 
explained above. The water droplets may 
behave merely as conducting particles con- 
nected together by capacities. In this case 
it is evident that the power dissipated in 
these conducting particles will be greater 
the higher the frequency, since the total 
current flowing is determined bv the small 
capacities and increases with the frequency, 
and thus the power loss in each drop, which is 
proportional to the square of the current 
flowing through it, will increase rapidly with 
the frequency. 

This loss due to surface leakage is parti- 
cularly important in the case of ebonite 
exposed to the action of light, and in that of 
glass and quartz in moist atmospheres. 
Amber and paraffin wax do not appear to 
show the effect to any sericus extent. 


Certain small condensers with quartz 
insulation used by the writer appeared to 
show these effects to an enormous extent. 
It was one day noticed that the value of the 
capacity was II“yul“ higher than it should 
have been and that the power factor (at 
telephonic frequency) was 6 per cent. A 
few davs later the capacity was found to be 
25uuF higher than the nominal value, and 
the power factor was 20 per cent. at tele- 
phonic frequency. The nominal capacity 
Was 50upF. These measurements were made 
at telephonic frequency but it was perfectly 
obvious that the condensers were useless 
for work at any frequency and this in spite 
of the fact that fused quartz was chosen as 
the best possible insulator. The results were 
ascribed to surface contamination. The 
quartz was taken out and thoroughly cleaned 
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with acid and then washed with distilled 
water. It was then made red hot in a blow- 
pipe flame for at least five minutes and 
dropped into paraffin wax. The excess of 
wax was allowed to drain off and the quartz 
then carefully replaced in the condenser 
without touching it with the fingers. After 
this treatment the capacity had returned 
to its normal value. The power factor was 
about 0.000r at telephonic frequency and 
was too small to be measured at radio. 
frequency. Itis not often that “ absorption” 
effects so large as this are observed, but 
it is obvious that the insulation of very small 
condensers needs careful attention. 


Examples of Poor Power Factors. 


Most of the measurements mentioned here 
were made at telephonic frequency. This is 


. because such measurements are more con- 


veniently and accurately made at telephonic 
than at radio frequencies. As a rule the 
power factor of a condenser is of the same 
order at telephonic and at radio frequencies, 
and it is the order of the quantity rather 
than its absolute value which usually matters. 

A certain small variable air condenser 
(300puF) when included in an oscillating 
circuit prevented it from oscillating, although 
other condensers permitted oscillations. This 
is the condenser referred to at the beginning 
of this article. Power factor measurements. 


on the poor condenser gave the following 


results :— 
TABLE II. 
Scale | Power 
Reading. Capacity Factor Frequency 
Degree. pel. 8 . 

o 33 0.018 800 

86 163 0.0036 — 

180 292 0.002) — 


Here the power factor is practically 
inversely proportional to the capacity reading, 
which means that the total power loss (which 
is proportional to the product C@) is inde- 
pendent of the condenser setting. Thus the 
power loss is entirely in the solid insulation 
—probably defective ebonite in this case. 
This example illustrates the fact that if the 
power factor of an air condenser is greater 
than 0.001 at telephonic frequency its per- 
formance cannot be regarded as satisfactory. 
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Some Points in Design. 


Provided the air gap of a condenser is 
not too small, and that there are no high 
resistances in its plate svstems, the whole 
question in the design of a condenser as 
far as power losses are concerned, lies in the 
solid insulation. It is obvious that this 
must be so arranged that the power losses 
in it for a given applied voltage are a 
minimum. It is often stated that the con- 
ditions for this are as follows :— 


1. The smallest possible amount of 
solid insulation must be used. 

2. It must be placed in as weak an 
electric field as possible. 


3. It must be of as high a quality as 
possible. - 
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obtainable, though as we have seen, it must 
be carefully cleaned before being finally 
assembled. Ordinary glass is not a very good 
insulator, though special types are obtainable 
which possess a very low power factor. 
Ebonite when free from loading material is 
good, but is apt to deteriorate rapidly under 
the influence of sunlight. Amber and am- 
berite are very good at low frequencies, 
though the latter appears to be not very good 
at radio frequencies, and is not very highly 
recommended for condenser work. Mica 
is good but difficult to make up into a 
suitable form. | 

It is usually possible to see, by inspection 
of the condenser, whether condition 1 has 
been fulfilled. Figures 2, 3, 4, 5, 6 represent 
typical cases diagrammatically. In Fig. 2 


Fig. 2. 


A more accurate way of expressing the 
best conditions is obtained from the following 
considerations. The power loss in any solid 
insulating svstem for a given applied voltage 
Vis given by the equation 

Loss W'= V2C2mfa 


where C is the capacity of the svstem, 8 
is its power factor and f is the frequency. 
Thus for a given voltage and a given fre- 
quency the power loss is a minimum when 
the product C@ is a minimum. Thus the 
conditions for minimum power loss are :— 


1. The capacity of the solid insulating 
svstem must be as small as possible. 


2. The power factor of the solid dielec- 
tric used must be as small as possible. 


Condition 2 determines the material to 
be used, while 1 determines its size and shape. 
As to condition 2, gocd quality fused 
quartz appears to be the best solid insulator 


Fig. 3. 


the condenser top is of insulating material 
(say ebonite) and the fixed bank of plates is 
suspended from it. Sometimes there is 
another ebonite plate at the bottom. In 
Fig. 3 the top is of metal and the fixed bank 
is insulated by means of three washers (two 
of which are shown). In Fig. 4 the fixed 
bank is insulated from the case by pillars. In 
Fig. 5 these are replaced by short lengths of 
tube. In Fig. 6 horizontal rods of insulating 
material support the fixed plates. 


It is interesting to note that although in 
Fig. 3 the actual amount of solid insulating 
material may be much smaller than that in 
Figs. 4 and 6 say, the power loss is not 
necessarily less, since if the washers in Fig. 3 
are thin, their capacity may be quite high, 
probably higher than the rods and pillars 
in Figs. 4 and 6. The capacity of the tubes 
in Fig. 5 is smaller than that of the pillars 
in Fig. 4 and hence we should expect Fig. 5 
to be the better arrangement, unless surface 
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leakage should happen to be Important. In 
such a case the extra surface of the tubes 
would be a disadvantage. The arrangement 
of Fig. 2 is obviously not good. Comparing 
it with Fig. 6 for example there is obviously 
more solid material than is necessary. It 


Fig. 5. 


is possible however for it to be better than 
Fig. 3, since the capacity of the insulating 
top might be lower than that of the washers 
in Fig. 3. Much would depend on the 
general design of the plate systems. The 
arrangements of Figs. 4. 5 and 6 possess the 
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great advantage that the solid insulation is 
completely enclosed in the condenser and 
is thus protected from the action of sunlight, 
moisture, dust, etc. This is especially im- 
portant in the case of ebonite. Also the 
condenser is well shielded. 


Fig. 6. 


The following table illustrates these re- 
marks. It gives the results of power factor 
measurements made on a series of good 
quality air condensers of various designs. 
All the measurements were made at a 
frequency of about I 000 cycles. 


TABLE III. 
Con- |Capacity.| Power Insulating 
denser. | ppF. | Factor. System. 

A 200 o.0025 | Fig. 2 (Ebonite top). 

B 200 0.0021; Fig. 2 (Better quality 
ebonite). 

C 200 o.oo08 | Fig. 2 (As for B but 
thinner ebonite). 

D 200 0.0005} Fig. 3 (Quartz washers). 

E 200 o.o001 | Fig. 5 (Quartz tubes). 


When the readings of these condensers 
were greater than 200puF the power factors 
were correspondingly reduced, the power 
factor of a well-constructed and well-shielded 
air condenser being nearly always inversely 
proportional to the capacity reading. 
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The Directional Recording of Atmospherics. 


Paper read by Mr. R. A. WATSON WATT, B.Sc., before the Wireless 


Section, I.E.E., on 3rd March, 1926. 


Abstract.] 


HE paper is communicated by permis- 
sion of the Radio Research Board, and 


describes a simple pen-writing instru- 
ment for the continuous-recording of the 
apparent direction of arrival of atmospherics, 
citing typical samples of the data obtainable 
from such recorders. 


[R114, R125 


This recorder, as finally developed,{ is 
then described. The general arrangements 
are shown in Fig. 1.* 


A teak framing A supports a frame 
antenna S, belt driven by a turret clock C 
and carrying a recording-drum on which 
is inscribed the trace of the oscillograph' pen 
actuated by the output of the multi-stage 


Fig. 1. Showing general arrangement of the automatic recotder. 


The work was initiated by the Meteoro- 
logical Office in 1915, and subsequently 
developed into a fundamental inquiry into 
che origin and nature of atmospherics, under 
the auspices of the Radio Research Board. 
Observations were made aurally first by 
means of the standard Bellini-Tosi goniometer 
and later with a frame aerial, with a view to 
the ultimate development of a simple and 
easily operated directional recorder working 
throughout the 24 hours. 


amplifier F, connected to the frame aerial. 
The frame is tuned to 20,000m. by the 
tuning condenser J, connection to the ampli- 
fier being brought via mercury. slip rings. 
Detailed constructional diagrams (not repro- 
duced here) are also given of the Recorder, 
the Abraham-Bloch oscillograph and the 
girder-syphon pen used in conjunction with it. 


* The author's original figure numbers are adhered 
to throughout this abstract. 
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The whole apparatus with framing and 
clock drive is self-contained and can be 
housed in a hut measuring 3.75 metres square 
and 4.5 metres high. The frame aerial is 
2 metres square and 0.4 metre deep, and is 
wound on a spider of Paxolin tube. Bare 
aluminium wire is used, maintained in 
locating grooves in Paxolin rods carried on 
each corner member. Sag and thermal 
expansion are taken up by heavy volute 
springs in compression in the corner members. 
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instrument, designed by Abraham & Bloch. 
A permanent magnet has four laminated 
radial poles, each carrying a coil, the coils 
being so connected that the passage of a 
current rotates the resultant magnetic field 
to a new direction. A solid soft iron arma- 
ture follows this rotational displacement, 
producing torsion of a steel wire control 
spring. A tongue on the armature shaft 
carries a pen girder in aluminium, while the 
girder carries a syphon pen of fine silver tube. 
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Fig. 7. 


The amplifier is provided with five stages of 
resistance capacitv coupling followed by 
detector and two L.F. stages. Three of the 
H.F. stages are normally used for recording 
atmospherics. The anode resistances of 
100,000 ohms are wound from o.o4mm. 
diameter Constantan wire, on slotted ebonite 
formers, the direction of winding being 
reversed in alternate slots to reduce the total 
inductance. Dull emitter triodes (1.8v. fila- 
ment) are used, a DE6 in the output stage, 
and DER's elsewhere. Accumulators are 
used throughout for L.T. and H.T. voltages. 
The oscillograph in the anode circuit of the 
output valve is a tetrapolar moving-iron 
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Example of record obtained. 


The drum is rotated along with the frame 
aerial, and carries a chart on which the free 
end of the syphon pen writes a helical trace. 
On removal from the drum the trace is 
resolved into 96 approximately horizontal 
lines each representing one revolution, or 360 
in angle and 15 minutes in time at the normal 
speed of rotation, 4.e., 24 hours per chart. 

The arrival of an atmospheric giving suff- 
cient voltage in the amplifier output is marked 
by a vertical excursion of the pen, transversc 
to the helical base, the chart on removal 
having the appearance shown in Fig. 7. 

In discussing the defects and advantages 
of thesvstem, the author indicates the defects 
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to be (1) The instrument is non-discrimi- 
nating, in that it deals with the average 
direction of the whole distribution of atmos- 
pherics; (2) It is only quantitative within 
somewhat narrow limits, the lower limit 
being the comparative insensitivity imposed 
by the use of a pen-writing oscillograph, the 
upper limit by saturation, etc.; (3) The 
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doubt or fresh line of investigation; it is 
easily maintained and reliable in operation, 
and enables data to be collected at widely 
scattered stations .without the provision of 
specially trained and skilled observers. 

For study of the direction of arrival, the 
charts are examined line by line and the 
most probable maximum determined by 
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Fig. 9. A set of chart showing variations, 


amplitude depends on other factors than 
peak field strength ; (4) The record becomes 
too sparse for interpretation if the total 
disturbance falls to a low value; (5) It has 
the norma] ambiguity of 180°. Against 
these it has the advantages of giving fair 
sampling under relatively invariant con- 
ditions throughout the 24 hours; the trace 
is available for re-examination in case of 


the location of two maxima 180° apart, with 
minima approximately midway between 
them. The points so found are joined by a 
line, as shown in Fig. 7. It is frequently 
possible to trace double distributions, and 
separate “ grinder ” and “ click ’’ maximas 

The paper then discusses results obtained 
with the recorder, dealing first with diurnal 
variation of intensity of disturbance, data 
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for which are available for two and a half 
years from the first recorder (set up at Alder- 
shot). Results are shown in the curves of Fig. 
9, from which it is apparent that there is a prin- 
cipal maximum M, in the hours of darkness, a 
principal minimum N, before noon and a 
secondary minimum in the early evening and 
subsidiary maximum in the early morning 
and evening. The times of incidence of these 
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points are plotted in Fig. IO, in which are 
also shown the mean times of sunrise and 
sunset, illustrating a close correlation. A 
table also shows the approximate con- 
stancy of the intervals between the times of 
the various stationary points and the times 
of the solar phenomena to which they are 
related. 

In considering the diurnal variation of 
apparent direction of arrival, the ambiguity 
of 180° renders difficult the selection of a 
direction which may be accepted as charac- 
teristic of a period. It was finally decided 
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that the principal features of the records 
were most clearly expressed by the following 
process: From the line to line curve of 
direction (as drawn in Fig. 7) were read off 
the hourly values of apparent direction of 
arrival for hour periods, centred on hours 
G.M.T. These were entered on a distri- 
bution diagram as Fig. II, for a month of 
the recorder at Ditton Park, whither the 
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Station was moved from Aldershot in July, 
1924. This shows the number of occasions 
on which, at any hour, a selected azimuth 
had been most disturbed. Entries were 
made, as shown, corresponding to both 
senses of the 180° ambiguity. The 
‘“ medians ” of the blocks (z.e., the azimuths 
which had as many observations on one side 
as on the other), were then selected as the 
most probable value of the predominant 
hourly directions for the month. A table 
of directions so obtained for a recorder at 
Lerwick is shown for the months September, 
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Fig. 11. 


1924, to March, 1925. From considerations 
of this and other data the author suggests 
the following picture of the variations in 
the principal stream of atmospherics. Early 
in the morning atmospherics arriving from 
the far East, where the sun has already 
attained some considerable attitude, begin 
to show themselves. Towards 9 or IO a.m., 
G.M.T., they have become the dominant 
stream arriving from a few degrees south of 
east about the autumnal equinox and from 
nearly due south at the winter solstice. In 
the equinoctial season the cum-solar swing 
is strongly marked, and in all cases the 
direction swings through south to a relatively 
constant S.W. by W. or W.S.W. near mid- 
night. This stream remains the dominant 
one until g a.m., presumably because the 
American continent produces atmospherics 
until late in its own evening, while the 
Pacific Ocean is not an important source. 
A (distribution curve for Bangalore, India, 
for the month of June is also illustrated 
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showing a cum-solar swing, then in a counter 
clockwise direction because the sun is then 
to the north of this station. 

Lastly, the author considers the use of a 
group of those recorders for location of, 
sources of atmospherics. A group of such 
stations already exists, t.e., at Ditton Park, 
near Slough (transferred from Aldershot), 
at Lerwick, Shetland Isles, at Aboukir, 
Egypt, and at Bangalore, South India. 
An interesting case of tracing a thunder- 
storm across Europe by means of the records 
from Aldershot and Lerwick is quoted. A 
further example is also quoted from the 
charts of three recorders. The successive 
hourly bearings over a period of 12 hours 
lay almost all along the trough of a shallow 
depression near Tunis. 

A further discussion of such sources is 
hoped for when the data for the first six 
months of simultaneous recording have 
been examined in relation to the available 
meteorological data. 
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An Instantaneous Direct-Reading 


Radiogoniometer. 


. [R114, R125 


Paper read by Messrs. R. A. WATSON WATT and J. F. HERD, before the 
Wireless Section, I.E.E., on 3rd March, 1926. 


Abstract. 


HIS paper is also communicated by 

permission of the Radio Research 

Board, and describes a new system of 
direction finding in which a cathode ray 
oscillograph is used as the indicating device 
to permit the direct and instantaneous 
reading of direction of either signals or 
atmospherics. 

In the introduction the authors consider 
the disadvantages of the usual types of D.F. 
apparatus, especially in the investigation of 
atmospherics (cf. previous abstract). It is 
pointed out that the usual rotating loop 
method is only suited for wavetrains sus- 
tained for several seconds. The inertia of 
the moving system prevents the taking of 
bearings on brief wavetrains or wavetrains 
of apparent azimuth varying at, say, I° per 
second. Applied to the study of atmos- 
pherics such a system will merely indicate 
the mean apparent direction of arrival of 
the predominant streams. There is a high 
probability that two physically independent 
streams may be merged into one stream 
statistically true but physically fictitious. 

The next section describes the new arrange- 
ment (see Fig. 2* reproduced) used by the 
authors, particularly in connection with their 
work on atmospherics at Ditton Park, near 
Slough. 

Two loop aerials, say, A and B, are consid- 
ered at right angles and crossing at their centres. 
A vertical wave front, of maximum vertical 
electric force E, and making an angle y 
with the plane of A, will produce in A and B 
E.M.F.s proportional to E cos y and E sin vy 
respectively. The E.M.F.s across each loop 
condenser will also be in this ratio. If these 
condensers be joined to the deflector systems 
of a cathode ray oscillograph, the two fields 


* The authors’ original figure numbers are adhered 
to throughout this abstract. 


will recombine to produce a resultant field of 
strength proportional to E and making an 
angle y with the axis of deflection corres- 
ponding to the plates ns. Thus the fluores- 
cent spot traces on the screen a line of length 
linearly related to the E.M.F. which would 
be induced in a loop similar to A with its 
plane in the ray direction, and making an 
angle with the reference axis ms equal to 
the angle between the ray direction and the 
plane of loop A. 
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Fig. 2. General arrangement of cathode-ray 
direction-finder. 
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Generally, for sensitivity comparable to 
that of commerce, the E.M.F.s will require 
amplification before application to the de- 
flecting plates of the oscillograph. 

Several minor points are to be noted in 
connection with the oscillograph, one pair of 
plates (t.e., ms) being nearer to the source of 
the electron beam than the other. The time 
occupied by an electron in travelling from 
one pair to the other is 0.0015 microsecond, 
corresponding to a phase angle of 4° at one 
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million frequency, so that no error is intro- 
duced even at the shortest commercial wave- 
lengths. The difference of position also 
causes an angular error (on the tube screen) 
reaching a maximum of 23“ about the 45° 
points. This error being independent of 
amplitude or frequency, a permanent scale 
correction can be applied, or it can be com- 
pensated by a method described later. It is 
pointed out that this error is not inherent 
to the system but only incidental to the 
arrangement ot the particular tube used. 
For work on atmospherics where there is 
no possibility of even a rough check on the 
accuracy of the indications, it is desirable to 
eliminate even remote possibilities of error. 


240 


EXPERIMENTAL WIRELESS & 


voltage amplification by resistance-capacity 
coupling, and symmetry is maintained by the 
use of the “ push-pull ” circuits shown. In 
the installation described the loops each 
comprise 5 turns, each 1,200 ft. horizontally 
and some 125 ft. deep. For atmospheric 
observations each unit is tuned to 1okc. 
by the coils and condensers. DE5b triodes 
are used with wire-wound anode resistances 
of 10° ohms, and 300 anode circuit volts 
giving voltage magnification of 15 per stage. 
The first stage is tapped in three, so that 
overall amplifications of 5, IO, 15, 75, 150 
and 225 are obtainable. Accuracies of I° can 
be attained on any deflections exceeding 
half the oscillograph scale. The special 
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The circuits described for the authors' work 
are consequently designed to satisfy most 
completely the requirements of symmetry 
and the minimum of amplification. To 
eliminate “antenna effect” the loops of 
Fig. 2 are divided into halves, the mid-points 
of the horizontal sides being all connected 
to earth, along with the anode of the osĉillo- 
graph. The tuning arrangements are split 
and arranged symmetrically on either side 
of the central earth lead. The tuning of 
each half loop is practically independent of 
that of the other half. 

Special oscillograph tubes have been 
obtained with the four deflector plates 
separately terminalled, since complete sym- 
metry is not possible with certain com- 
moned connections in the standard pattern. 

For strong signals the oscillograph may be 
connected directly across the condensers as 
in Fig. 2. For weaker signals the general 
scheme of amplification is shown in Fig. 3. 

The conditions are especially suitable for 


features are the precautions for symmetry 
and the large area of loops. This is part of 
the general policy of quantitative work on 
atmospherics, to allow measurements to be 
made with the minimum of amplification. 
Loops of turns with an area of 30 sq. metres 
with one pair of vertical hmbs coincident, 
and in combination with normal amplifiers 
and the standard pattern of oscillograph 
have already been shown to be practicable. 

Tuning and testing arrangements are 
described. When the whole system is cor- 
rectly tuned, a signal causes the spot to trace 
a straight line which makes with the principal 
axes, angles which are the angles between 
the direction of the signal and the planes of 
the aerials. Slight mistune opens out these 
lines into an ellipse, due to the misphasing 
of the two fields applied to the tube. The 
ellipse is quite wide before its major axis 
begins to depart sensibly trom the correct 
angle. Tuning mav thus be performed 
directly on the signal, or it may be performed 
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on locally generated oscillations of the desired 
frequency. The loading inductances of Figs. 
2 and 3 are arranged as the secondary 
windings of a crossed-coil transformer, with 
a rotable primary excited from a screened 
calibrated oscillator. The primary may first 
be coupled to one loop alone and this tuned 
up, then the other loop tuned independently. 
Finally both may be tuned to identity as 
tested by the closing of the ellipse. This 
instrument also permits testing the amplifi- 
cation on each side. These should be identical 
but the difference in the position of the 
detlecting plates can be compensated by a 
slight increase in the amplification of the 
pair nearer to the screen. This only involves 
adjustment of the amplification so that equal 
inputs to the two systems give identical out- 
puts (on the tube screen) so that the com- 
pensation is automatically performed in the 
general adjustment of amplification. 

The third section deals with the properties 
of the system. The device will provide 
automatic visual and direct reading, capable 
of operation by a navigator without requiring 
a knowledge of morse, and it will deal with 
signal trains of exceedingly short duration. 
Another important feature is its behaviour 
with jamming. It will give correct bearings, 
simultaneously, even in the case of two or 
three signals. Three types of pattern may 
be obtained in practice. If two stations are 
working independently at hand speed, the 
screen image will be two bright lines, standing 
out from a background of faint fluorescence. 
At high speeds the pattern becomes a 
parallelogram full of fluorescence, whose sides 
are respectively parallel to the two bearings. 
Increase in the number of stations merely 
increases the complexity of the image, but 
with three high-speed stations the three 
bearings are still easily read. 

The freedom from inertia effects and dis- 
crimination in amplitude will throw light on 
cases and causes of “ bad minima,” etc. 

In Section IV. typical observations on 
atmospherics are described. On one occasion 
quoted simultaneous determinations by this 
direction finder and of the azimuth of visible 
lightning showed in a large majority of cases 
agreement within 5°, which was approxi- 
mately the limit of estimation of the faint 
distant flashes. More recent observations 
are discussed and illustrated showing correla- 
tion between observations on atmospherics 
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and reported thunderstorms, verified from 
meteorological sources. These are plotted on 
a polar diagram and show very complete 
agreement between the observed thunder- 
storms and the apparent azimuth of the 
arrival of atmospherics. 


In the last section the authors discuss the 
application of the arrangement to the 
navigational beacon problem. C.W. trans- 
mission, modulated m per cent. at a frequency 
f is suggested, where f need only be a 
fraction of a cycle per second and m can 
be made large, while both m and f can be 
given values which become characteristic of 
a series of beacons. The transmitters could 
work simultaneously on the same wavelength. 
A tvpical screen image might then consist 
of two lines intersecting at 55°, one varying 
once in 3 seconds from full to half length, 
the other once in 5 seconds from full to 
quarter the length. The navigator would 
read the bearings and find in his list the 
stations characterised by m=5o0 and f=0.33, 
and by m=75 and f=o.2 respectively. 


Slides (not reproduced here) were shown 
illustrating photographs of the parallelograms 
obtained from the cathode ray oscillograph 
in the presence of two, and in some cases 
of three simultaneous signals. 


DISCUSSION. 
A joint discussion on both papers then followed. 
Admiral-of-the-Fleet Sir Henry Jackson, in 


opening the discussion, congratulated the authors 
on their papers, and spoke of the energy and work 
which had gone to bringing matters to such a high 
state of perfection. 


Dr. G. C. Simpson (Director of the Meteorological 
Office) referred to the origin of the work on atmos- 
pherics under that office, and its transfer to the 
Radio Board. He considered the work of con- 
siderable importance in meteorology, apart from 
its practical applications in radio-telegraphy. 


Prof. J. T. MacGregor Morris referred to the 
excellent work done by the Radio Board, including 
that of the authors. He offered some practical 
suggestions for future trial. For recording, he 
suggested the use of two frames, rotating at right 
angles to each other, and both writing close together 
on the paper with differently coloured inks. Regard- 
ing the position of the deflecting plates in the 
cathode ray tube, he pointed out certain difficulties 
of arranging them to act at the same part of the 
beam, but offered an alternative solution which 
should amount to the same etfect. He also sug- 
gested the use of two oscillographs with quartz 
ends for photography, working separately to the 
loops, subsequently recombining their records. 
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Mr. R. H. Barfield admired the accuracy and 
detail of the recorder and its application to general 
use. He inquired whether the author had ever 
observed a sudden cessation of atmospherics just 
before sunrise, as had been reported by Capt. 
Round. 


Capt. E. L. Johnston (Airships, Navigation) spoke 
of the advantage of wireless to navigation. The 
cathode ray device described more nearly approached 
the ideal wireless compass than any other device 
available. It was especially important in aerial 
navigation. 


Mr. M. A. Giblett (Airships, Meteorology) dealt 
with the application to practice in connection with 
aircraft meteorology. Such instruments would also 
be of great use in the airship itself. He reviewed 
the meteorological effect of “ cold fronts” and 
suggested that the instruments described would 
be useful for location of such regions dangerous 
to aerial navigation. 


Mr. E. H. Shaughnessy questioned the simul- 
taneous reception of Rugby and Leafield (shown in 
a slide) if the loops were tuned to rokc. 


Dr. R. L. Smith-Rose dealt with certain points of 
accuracy of the directional recorder. As regards 


242 EXPERIMENTAL WIRELESS & 


the cathode ray device, he thought a big step had 
to be made before it could be put on a ship. 


Major G. H. Scott (Airships, Navigation) spoke 
of the importance of the cathode ray system on 
airships, and inquired as to progress in the matter 
of smaller loops with the object of its use on airships. 


Mr. R. A. Watson Watt replied briefly to the 
discussion. Particularly in reply to Mr. Barfield, 
he stated that although records showed a drop about 
sunrise he had not encountered the total cessation 
of atmospherics described. In reply to Mr. 
Shaughnessy he pointed out that with the slide 
shown the aerial was tuned to between Rugby 
and Leafield, which accounted for the reception 
of both. In reply to Major Scott, there was, he 
said, every assurance of the possibility of developing 
loops that could be accommodated in R33. 


In moving a vote of thanks to the authors, the 
Chairman (Major B. Binyon) expressed his belief 
that the cathode ray device, although still in need 
of development for general use, was on sound 
principles. 


The Upper Layer. 


Discussion at the Royal Society. 


[R113.4 


The meeting of the Royal Society on Thursday, 4th March, was devoted to a 
discussion on “ The Electrical State of the Upper Atmosphere.” 


Ernest Rutherford, the President of the 
Society, who broadly reviewed the 
subject, referring to the effects as observed 
in the case of wireless waves, and the evidence 
available from observation of the fall of 
meteors, etc. He also spoke of the com- 
paratively recent revelation of a very 
penetrating radiation which increased in 
intensity with height above the earth. 
The discussion was then continued by 
Prof. S. Chapman, who dealt with the subject, 
particularly from the view point of auroral 
manifestations. Prof. C. T. R. Wilson 
followed with information from the point 
of view of the thundercloud, etc. Admiral- 
of-the-Fleet Sir Henry Jackson introduced 
the subject from the standpoint of radio- 
telegraphic investigation, referring to recent 
long distance work on verv short wave- 


TE discussion was opened by Sir 


lengths Prof. E. V. Appleton continued 
the discussion on this aspect with reference 
to other recent measurements of down- 
coming wave, etc. Dr. R. L. Smith-Rose 
and Mr. R. H. Barfield then contributed a 
short abstract of D.F. measurements which 
had just been published as a Royal Societv 
Paper. Prof. W. H. Eccles finally concluded 
the wireless evidence by a discussion of 
long distance transmission. The formal dis- 
cussion was then concluded bv Mr. G. M. B. 
Dobson, who dealt with observations on 
falling meteors, and the evidence available 
from this source of a change of atmospheric 
conditions at about 50 kilometres height. 

A general open discussion then followed, 
opened by Dr. G. C. Simpson, in which the 
following speakers joined: Prof. F. A. 
Lindemann, Dr. C. Chree, Sir A. Schuster 
and Mr. L. B. Turner. 
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An Experimenter's Wireless Laboratory. 


By Leonard A. Sayce, M.Sc., Ph.D., A.LC., and 
James Taylor, M.Sc., Ph.D., A.Inst.P. 


Part III. 


Calibration of Moullin Voltmeter. 


N the last section of this series of articles 
[r concluded by describing an attach- 

ment for a microammeter whereby it was 
converted into a Moullin voltmeter. The 
calibration of the instrument, t.e., the 
interpretation of its readings in terms of 
A.C. volts, will now be considered. Two 
methods of doing this will be described, one 
for those who are fortunate enough to have 
a domestic alternating current supply, and 
the other for those who are dependent upon 
D.C. mains or batteries. 


Alternating Current Method. 


It is here “assumed that the reader is 
equipped with an A.C. supply. If any doubt 
exists upon this point, an “ Osglim ” neon 
lamp should be plugged into the nearest 
lamp-holder. If both electrodes are brightly 
illuminated the supply is A.C., whilst if the 
glow is confined to one electrode only, then 
the supply is direct. The A.C. supply will, 
in all probability, be either 100 volts or 220 
volts. Either voltage is too high for our 
present purpose, and it is necessary to “ step- 
down,” by means of a transformer, to the 
neighbourhood of 4 volts. Many expert 
menters have such a transformer for the 
purpose of accumulator charging, but a 
“ bell transformer ” may; be purchased for a 


MOULLIN 
VOLTMETER 


Fig. 32. Circuit for calibration of Moullin voltmeter. 


few shillings by those who have not. These 
transformers are intended for working elec- 
tric bells from A.C. mains, and supply current 
up to about IA at an E.M.F. of about 
6 volts, R.M.S. They are very useful for a 
variety of purposes. 


[R201 


The usual method of calibrating a Moullin 
voltmeter is shown in Fig. 32. The A.C. 
supply is connected to the terminals X and 
Y, Rh is a rheostat, R, is a straight wire 
of accurately known resistance having a 
variable tapping, and G is a galvanometer 
connected to the main circuit by a “ vacuum 
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Details. 


Fig. 33. 


thermo-junction.” By this means 'G 
records the current 7 flowing through R,, 
and the value of R, being known, the 
voltage across it is given by the equation : 
V= IR (see Equation (1b), E.W. 6 W.E., 
Feb., 1926, p 69). Any known fraction of this 
voltage may be applied to the Moullin 
voltmeter by altering the position of the 
contact on R,. Unfortunately, we are not ina 
position to apply the method in the above 
form because we have not got the necessary 
vacuum junction. In the absence of the 
special glass-blowing and pumping facilities 
which would be necessary in order to make 
one, we must employ some other means of 
applying a known alternating voltage across 
the resistance R,. In any case, however, 
we require this resistance: it may take the 
very convenient form of construction shown 
in Fig. 33. It consists essentially of a length 
of resistance wire, exactly a metre long, 
stretched upon a graduated paper scale of 
the same length. The two ends of the 
instrument are identical and constructional 
details of one of them are shown in the Figure. | 
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The three pieces of wood (A, B and C) are 
all 3 feet 7 inches long, and of the following 
widths respectively: „4=23) inches, B=1} 
inches, and C=3} inches. These are screwed 
together in the manner shown. A paper 
scale, one metre long (obtainable from 
Messrs. F. E. Becker & Co., Hatton Wall, 
London, E.C.1, price 5d.) is gummed to the 
upper surface of A, and two strips of sheet 
brass D, each provided with a terminal, are 
let into the wood at the two ends of the 
scale. The ends of the resistance wire must 
make contact with these strips. This may 
be done by direct soldering, but a better 
plan, which allows the wire to be changed 
for another of a different gauge, is to provide 
each of the strips with a 6 B.A. bolt. A 
square washer of sheet brass E is then held 
in firm contact with each of the strips by a 
nut. Matters are so arranged that the two 
opposite edges of the washers coincide 
exactly with the ends of the scale. A length 
of No. 36 s.w.c. bare “ Eureka” wire is 
then stretched over the paper scale and 
soldered to the brass washers at its two 
ends. 

The construction of the sliding contact is 
also shown in Fig. 33. The triangular pointer 
of spring brass is secured to a rectangular 
piece of ebonite by means of a terminal, 
and the actual contact with the resistance 
wire is made by means of a stout “ Eureka ” 
wire soldered to the underside of the pointer. 

Readers who have found difhculty in 
obtaining supplies of spring strip brass will 
be glad to know that it can be obtained 
from any large printers in a form known as 
“ brass rule.” It is used by the compositors 
for setting up unusually long “ lines ” which 
often occur in type, and is a most useful 
adjunct to the wireless workshop. Previous 
examples of its use are shown in Figs. IO, 
20 and 30 (see February and March issues). 

The advantage of the foregoing method 
of construction lies in the fact that the 
sliding pointer makes continual contact with 
the metre wire. This is not the case with the 
“ metre-wire bridge ” commonly used. 

In page 150 of ourlast article (E.W. 6 W.E., 
March, 1926) it was stated that the Moullin 
voltmeter there described could be used for 
voltages not exceeding 4 volts in peak value 
or 2.8 volts R.M.S. It remains, then, for us 
to see how to apply an accurately known 
voltage of, say, 3 volts R.M.S. across the 
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ends of the metre wire. For this purpose 
we shall use a novel application of the triode, 
the principle of which is shown in Fig. 34. 
If the grid and anode of a triode T are 
connected together, then for any given 
voltage across the ends of the filament as 
shown by the voltmeter V, there is a certain 
“saturation value’’ of the anode current 
registered by the milliammeter M, t.e., a 
certain value that cannot be exceeded 
however great be the voltage of the battery 
B. It is evident, therefore, that the reading 
of M is, under these circumstances, a measure 
of the voltage applied across the ends of 
the metre wire resistance R,, for if this 
voltage increases so does the brightness of 
the valve filament and a greater emission 
of electrons takes place. The readings of M 


Circuit for application of known voltage 
across resistance wire Ry. 


Fig. 34. 


are, however, not quite independent ot the 
direction of the current through the filament. 
This is because the anode current itself 
flows through the filament on its way to the 
negative end of the H.T. batterv. When Y 
is positive and X is negative, the filament 
is assisted by the anode current, whilst 
when X is positive.and Y is negative it is 
opposed by the anode current. Thus in the 
former case the filament is brighter than in 
the latter, and a larger reading is shown by 
M for the same voltage across R,. The 
discrepancy between the two cages can, 
however, be considerably reduced by con- 
necting the lower terminal of the milli- 
ammeter M to Q instead of P, where Q is 
the junction of two 1,000-ohm resistance 
coils R, and R, made in the same way as 
those contained in the 10,000 ohm variable 
resistance (Fig. 9, p. 72, Feb. issue). By so 
doing, the reading of the milliammeter is not 
greatly altered by a reversal in the polarity 
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of X and Y.* That is to say, the reading of 
M is approximately the same whether we 
apply a direct voltage to X and Y or an 
alternating voltage of the same R.M.S. 
value. 

The practical application of the above 
principle to our present task is performed 
by means of the circuit shown in Fig. 35. 
Rh is a filament rheostat capable of rather 
fine adjustment, T is a “ bright-emitting ” 
4-volt “R” valve, B is an H.T. battery of 
50 volts or more, R, and R, are 1,000 Ohm 
resistance coils, R, is the 10,000 ohm variable 
resistance (Fig. 9) set at its maximum, R, is 
the metre-wire resistance, M is the micro- 
ammeter shunted o to I.2mA, and abcdef 


Details of calibration method described. 


Fig. 35. 


is the mercury cup switch (see Fig.7). In the 
left-hand position of the switch M measures 
the anode current of T, whilst in its right- 
hand position it serves as a voltmeter with 
a range of o to 12 volts. (When M is in the 
right-hand position for greater accuracy ad 
is shorted by the ‘ dimming ” resistance of 
the same value as M.) 

The calibration of the Moullin voltmeter 
involves the following operations :— 


I. X and Y are connected to a 4-volt 
accumulator and, with the switch in its 
right-hand position, b connected to c and e 
to f, Rh is turned until M indicates exactly 
3 volts. 


* In our experiments the highest values for the 
reading of M for the D.C. calibration were found 
to give results in very close agreement with A.C. 
calibration. It is to be noted, however, that a 
considerable change of current in the anode circuit 
indicates a very small comparative change in the 
hlament circuit. In some early experiments, for 
example, where no compensation was applied and 
the lower D.C. calibration curve was taken as 
correct, an error of less than 2 per cent. in the 
A.C. calibration in the extreme case was observed. 
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2. The switch is thrown to its left-hand 
position, a to b and d to e connected, and the 
reading I of the meter is noted. 


3. The accumulator is removed from X 
and Y and replaced by the secondary of a 
transformer yielding A.C. at about 4 volts. 


4. Rh is adjusted until M once more shows 
the reading J. The voltage across R, 1s 
now exactly 3 volts R.M S. 


5. The microammeter is removed from the 
circuit and hooked upon the Moullin attach- 
ment (Fig. 30). The L.T. terminals of the 
latter are connected to a 6-volt accumulator. 
An H.T. battery also is coupled to its 
H.T. terminals and adjusted so that the micro- 
ammeter shows 8wA when the input ter- 
minals T, and T, are shorted. In the 
instrument shown in Fig. 30, this required 
exactly 28 volts, but it is usually necessary 
to adjust the H.T. battery to finer limits 
than are provided by its tappings, by means 
of a potentiometer connected across one of 
its cells (or across an extra cell or two con- 
nected in series with it). 

6. The input terminals 7, and 7, of the 
Moullin voltmeter are connected respectively 
to the sliding contact of the metre wire 
resistance and to its “ zero ” end. 

7. The sliding contact is moved success- 
ively to positions “ 50 mm.,” “ I0O0 mm.,” 
“I50 mm.” and so on up to “ 1,000 mm.” 
Seeing that the total voltage across R, is 
exactly 3 volts R.M.S., these positions 
correspond respectively to an applied voltage 
across 7, and 7, of 0.15 volt, 0.45 volt 
and so on up to 3 volts. At each position 
of the sliding contact, the corresponding 
reading of the microammeter is taken. 

The calibration curve of the Moullin 
voltmeter is obtained by plotting these 
readings against the applied voltages. As 
before, the use of the instrument may be 
facilitated by the construction of a “ supple- 
mentary scale,” like that shown in Fig. 24. 
(Fig. 24, by the way, is exactly the size 


required for the Unipivot instrument 
recommended.) 
Direct Current Method. 


The method of calibration given above, 
although very convenient for those who are 
furnished with A.C. mains, is of no service 
at all to those who are dependent upon 
accumulators or D.C. mains for their supply 
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of current. Lest it should be assumed that 
such experimenters have no use for an A.C. 
voltmeter, it must be explained that, 
although the instrument has been described 
under the heading of “ A.C. measurements,” 
yet its special utility lies in the measurement 
of high frequency voltages met with in all 
wireless practice. In fact, we assume that 
the calibration obtained with a low frequency 
alternating voltage is valid for a high fre- 
quency voltage also. It is but a step from 
this to assume that the “ characteristic ” 
of a valve as obtained with direct current is 
equally applicable to voltages which are 
varying very rapidly. Indeed, if we consider 
any alternating voltage for an instant of 
time it is for that instant a direct voltage, 
and will correspond at that instant to a 
definite anode current as shown by the 
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the 10,000 ohm resistance (Fig. 9), and M 
the microammeter shunted to read o to 
12mA. R, and M together constitute a 
voltmeter reading o to I2 volts, and enabling 
the voltage V across R, to be measured. 
The circuit is next modified to that shown 
in Fig. 36b. The L.T. terminals of the Moullin 
voltmeter are connected to a 6-volt accumu- 
lator, and the H.T. battery adjusted as 
described above so that the microammeter 
M shows 8A when the input terminals 
T, and T, are shorted. 

Now we require to find the current in the 
microammeter corresponding to various 
known voltages between T, and 7,. If 
the contact X is at the extreme upper end of 
R, opposite to the 1,000 mm. mark on the 
scale, then this voltage is that already 
measured, viz.: V. As X is moved down- 


Fig. 36a, 


Circuit for calibration of Moullin 
voltmeter by D.C. method, 


D.C. characteristic curve. Seeing, then, 
that we can “ integrate” the values of the 
alternating voltage during all the innumer- 
able successive instants which go to make 
up a complete cycle, then it should be possible 
to obtain the mean value of the anode 
current during the cycle from the D.C. 
characteristic of the valve. We shall show, 
therefore, a method which does not appear 
to have been used previously for such a 
purpose, whereby a Moullin voltmeter can, 
by a method of approximate integration, be 
calibrated for alternating voltages provided 
that the calibration for direct voltages 
has first been made. The calculation is 
certainly laborious, but it presents no 
especial difficulty, and the result is of con- 
siderable accuracy. 

The Moullin voltmeter must first be 
calibrated for direct voltages in the following 
manner :— 


The circuit of Fig. 36a is first assembled. 
B is a 4-volt accumulator, abcdef the mercury 
cup switch (Fig. 7) arranged as a reversing 
switch, R, the “ metre-wire ” resistance, R, 


Fig. 36b. Second circuit for D.C. 


calibration. 


wards, however, the voltage across T, and 
T, decreases until when X is at the extreme 
lower end of R,, opposite the zero mark of 
the scale, it has become zero. If it is at any 
intermediate position, say at 400 mm., then 
the voltage across T, and T, is _— XV. 
Commencing with the switch in the left- 
hand position, a to b and d to e connected, 
and, therefore, T, positive to T,, the voltage 
across these terminals is varied from zero 
upwards. The current in M being read at 
each alteration. For voltages over about 
2 volts it will be found necessary to shunt the 
microammeter for a range of o to 1.2mA. 
Finally, the above procedure is repeated 
with the switch in the right-hand position, 
b to c and e to f connected, i.e., with T. 
negative to T'. 

The data is now complete for plotting 
the D.C. characteristic of the voltmeter. 
This should be plotted so that the curve 
can be read with at least as great an accuracy 
as were the voltage and anode current. 

We have now obtained the ordinary input 
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voltage-anode current characteristic of the 
biased valve. These two quantities may 
be assumed to follow the law :— 
+= $(V) (13) 
where t is the anode current and V is the 
voltage applied to the terminals of the 
meter. But in an alternating voltage of the 
simple harmonic type which we are con- 
sidering we have 
V=E sin0.. 
where V=voltage at any instant, 
E maximum or “ peak ” voltage, and 
6=phase angle at the instant con- 
sidered. 
From this we find that 


= (oE sin 0) - dé 
AS RAE 
360 


where f is the average anode current shown 
by the microammeter, and 


Ni ri 6(E sin 0): do | 


is the area of the current-phase-angle graph ; 
6 being the phase-angle in degrees. 


(14) 


(15) 
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parts, say 72 parts, each of 59. Now the 
average sine between 0° and 5° may be found 
from tables to be 0.044. The average value 
of the current in the cycle of voltage from 
o” to 5° may, therefore, be found by looking 
up the current on the D.C. characteristic 
corresponding to +0.044 volts on the biased 
grid. Let this value be 4,. This current 1; 
has been flowing for an interval of 5° so 
that the product of the current and the angle 
during which it flowed is 52,. This is the 
area of the first 5° of the current-phase angle 
graph. By a similar process we obtain 
51, between 5° and 10°, where 7, is the 
current corresponding to + 0.131 volt— 
the average sine between 5° and 10°. The 
total area over the first quarter of the cycle 
is thus 
s(iHi, tis ŝo 
The second quarter of the cycle is, of course, 
a repetition of this in the reverse order, so 
that the total area for the first half of the 
cycle is 
5[2(8, +2: +1: 415) | 

Considering now the third quarter of the 


| 
Volts : | I | 2 | 3 | 4 | | 6 | 7 | 8 | 9 10 
Av. sin. | ! a 
0-5 044 .087 IZI | 174 | 212 „241 „285 348 | .362 .44 
5-IO „IZI .26 .392 522 6053 i .784 -QI4 I.O4 at: 1.31 
10-15 217 .433 .65 „866 | 1.08 1.3 | 1.52 | 173; 1.95 2.17 
15-20 3 6 9 1.2 I.5 1.8 | 2.1 2.4 ' 27 3.0 
20-25 .383 .765 1.15 1.53 I.QI 2.3 , 2.68 | 306 | 3.5 3.83 
25-30 462 923 1.39 1.85 2.31 2.77 | 3.23 | 3.69 | 4.16 4.62 
30-35 .536 1.07 1.61 2.15 | 2.68 | 3.22 ! 375 1 429 § 4.83 5.30 
35-40 .61 1.22 1.83 2.44 3:05 | 366 | 4.27 | 4.88 | 5.49 6.1 
40-45 675 1.35 2.02 2.8 3337 | 4.05 4.72 5.0 ' 6.07 6.75 
45-50 737 1.47 2.21 2.95 3.68 4.42 5.16 | 5.89 6.63 7.37 
50-55 -793 1.59 2.38 | 3.17 3.96 | 4.76 5.55 6.34 | 7-13 7-93 
55-60 843 1.69 2.53 3-37 4.22 | 5.06 5.90 0.75 | 7-59 8.43. 
60-65 .887 1.77 2.00 3.55 4-44 5.32 6.21 7.09 7.98 8.87 
65-70 .923 1.85 277 | 3.69 | 4.62 5.54 6.46 7-39 | 83I 9.23 
70-75 .953 1.9 2.86 3.81 4.77 5.72 6.67 | 7.63 8.58 9.53 
75-80 .976 1.95 2.93 3-9 4.88 | 5.86 | 6.83 7.81 + 8.78 9.70 
80-85 | .99 | 1.98 | 2.97 | 396 4.95 | 5.94 | 6.93 | 7.92 8.91 | 99 
85-90 | 1.0 2.0 3.0 4.0 5: 599 | 6.99 7-99 8.99 9.99 


Value for .1, .2 volts, etc., are obtained by dividing by Io. 


Fig. 37.—Table of average sines for intervals of five degrees. 


It remains for us to obtain the value of the 
expression (15). Suppose, for instance, that 
we wish to find the current shown by the 
microammeter for an alternating voltage 
whose peak value is r volt. We must split 
up the voltage cycle into a number of equal 


cycle, we repeat the process given above, 
but to find 123., f3, etc., we observe the 
current on the D.C. characteristic corre- 
sponding to — 0.044 volt, — 0.131 volt, 
etc. The last quarter of the cycle is, as 
before, a repetition of the third quarter. 
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Thus for the whole cycle we have a total 
area of 
t4)] 


5(2(t:+t2+2s . 113) +2(837+135-+1430 gxi 
but the total interval is 360°, so the average 


current 1 is found by dividing the above 
expression by 360; it thus becomes 


va[2(?, tte +t; . 415) +2(tsr+tss+tse . tss)] 


This is the reading of the microammeter 
corresponding to a peak voltage of 1 volt. 
For a peak voltage of 2 volts the average 
sines must be multiplied by 2 in order to 
obtain the values of the voltages on the 
D.C. characteristic for which the anode 
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currents are to be taken. In the same way, 
for the voltages of 3, 4, 0.1, etc., the average 
sines must be multiplied by 3, 4, 0.1, etc., 
respectively. In this way the A.C. calibra- 
tion curve of the Moullin voltmeter is built 
up point by point. This calibration curve is, 
however, the relationship of “ peak ” voltage 
to meter reading, but the R.M.S. of the 
voltage is, of course, 0.707 X the peak value. 

To make the above operation less laborious 
we have worked out a table of average sines 
for intervals of 5° (Fig. 37). It may be 
pointed out that the calculation may be 
made much shorter and not much less 
accurate if intervals of 10° or 15° are taken. 


ERRATA. 


February Issue. 

Page 65, 2nd column, line 6, for ‘‘ bushes ” read 
“ brushes.” 

Page 68, 2nd column, line 12, for 
“even.” 

Page 73, Fig. 11, there should be no connection 
between b and c. P should be jointed to b, 
but not to c. See revised diagram. 

Page 76, Appendix 4th line, I, = current flowing 
through P when, etc. 

Page 76, Appendix 6th line, J, = current flowing 
through Q when, etc. 

Page 104, 2nd column, last line but 5, for nA read 
mA 

March Issue. 

Page 130, 2nd column, line 4, insert “ times ” 

before “ as big as.” 


q 


“ever ” read 


An Experimenter's Wireless Laboratory. 


Revised diagram of Fig. 11, page 73, 
February issue. 


N.A.R.M.A.T. WIRELESS EXHIBITION. 


An autumn wireless exhibition, which will 
be open to the trade as a whole, is to be 
promoted by the National Association of 
Radio Manufacturers and Traders. 

The exhibition will be held in the New 


Hall, Olympia, from 4th to 18th September 
next, and it is hoped that sufficient support 
will be forthcoming to make the display 
thoroughly representative of the British 
Radio Industry. 
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Long-Distance Work. 


By Hugh N. Ryan (5BV). 


include the customary “ Long-distance ” 

article in last month’s issue, so this 
article will cover two months' work instead 
of the usual one. 

As a natural result of last month's non- 
appearance, reports for this month have been 
rather scarce, but in any case it is to he 
feared that very little interesting work has 
been done during the two months, as far as 
ordinary DX is concerned, though I believe 
that the “ weather condition ”” observers are 
still steadily at work, and obtaining excellent 
results. As these results must be derived 
from prolonged periods of observation, it is 
evident that thev can only be published at 
intervals of several months, if the reports 
are to be at all interesting, so as I gave a 
full report of all the most important work 
in this direction in the February issue, I will 
not deal with its further developments until 
more time for observation has elapsed. 

The general impression gained from a 
survev of recent DX work is that the volume 
of it is falling off very greatly, and that for 
the most part the better-known and more 
powerful stations are working much less, 
while low-powered stations are handling the 
bulk of the work. This is probably because 
those of the “ hi-pwr ” men who were 
attracted to the work more by the “ itch for 
distance ” than by scientific zeal, have given 
it up now that no DX records remain to be 
made, while the more scientific among them 
are now engaged in observation and research 
work which does not manifest itself so much 
“on the air.” Nevertheless, much work is 
still to be heard. 

2SZ has recently been more than usually 
busv with other work, and has therefore not 
been on the air a great deal, but his crystal- 
controlled transmitter continues to give 
excellent results. 

The doings of 61. ] are wrapped in mystery. 
His usual report has not turned up, nor has 
he been heard on the air, but he is said to 
be deeply immersed in signal-strength curves 
and weather charts, and some interesting 
results are expected. 


E was unfortunately not possible to 
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6QB has left short waves for the 200- 
metre band and uses phone exclusively. 

There is plenty to be done on the longer 
waves, though they seem to be inhabited 
chiefly by the talk-cum-gramophone people. 
60B has got to Russia and Palestine with 
very low power on I60 metres, and 60G 
(Bristol) is working the United States on 
go metres with only 12 watts. 

5HS has worked Australia and Indo-China 
with 50 watts, though he has difficulty in 
working Americans. He has also done some 
very useful low-power work in Europe. 

6VP has been one of our most active 
stations this month. He has altered his 
serial system with very good results, and 
the 1,000 miles which I mentioned as his 
range last month has now grown to 3,000. 
He remains one of the few stations one hears 
with a real D.C. note. 

Messrs. Studley, of Harrow, have logged 
one of the stations in Samoa (NPU) and 
Panama (PT1). They also head a New 
Zealander (2BR) who was only using 14 
watts input. 

5AX has just put up a Hertz aerial, and 
though his power is still very small his range 
has increased very greatly. 

SOV is getting ready for a change of ORA, 
but has a temporary rig-up in action, with 
a Hertz aerial, which is working verv well, 
over most of the world. 

6BT has been inactive most of the month, 
but has worked Malta, while 6JV is working 
Eastern U.S.A. with 35 watts. 

2KK has only been doing receiving work, 
and has logged a large number of stations, 
especially South Americans. 

2XY recently logged stations in every U.S. 
district in one night, and his own signals have 
now been heard in Australia. 

6CI is continuing his tests on very low 
power, his input at present being 0.8 watt, 
and would welcome reports from stations 
hearing his signals. His best ranges so far, 
with this power, have been 215 miles key 
and 110 miles phone. 

A Scottish station has reported for the 
first time for many months. 6BO (Glasgow) 
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reports that his portable 10-watt transmitter 
has been heard in Australia. This must be 
one of the first Scottish stations to reach the 
Antipodes, unless the others are too modest 
to report their successes. 

Messrs. O'Dwver, of Dublin, have stations 
in most parts of the world in their month’s 
log, including stations in Honolulu and India. 
One Australian was heard early in the 
afternoon. 

An attempt is being made to form a Saor- 
stat Eireann section of the International 
Amateur Radio Union. It is certain that 
such a section is needed, and all Southern 
Irish amateurs interested are asked to write 
at once to 115, Anglesea Road, Ballsbridge, 
Dublin. 

The Belgian amateurs have been very 
active recently, their most interesting achieve- 
ment being the extra-short-wave work of W2, 
who has put strong signals into Spain on a 
wavelength of six metres. As far as I know 
this is the first long-range work ever done on 
this wave. S4 has rescued his gear from the 
flood (mentioned in the last report), and is 
now working again. He and S2 are both 


250 


EXPERIMENTAL WIRELESS & 


using Hertz aerials, and are both QSO 
regularly with the U.S.A. Several of the 
Belgians are doing very well on low powers, 
Eg having reached South Africa with 20 
watts, while G6 has worked Porto Rico on 
15 watts and K5 Morocco on half a watt. 
B2 and D4 are in touch with Brazil, and P2 
is, as usual, handling a lot of traffic with 
U.S.A. Danish 7EC is now living in Belgium, 
and may soon have a station there. 

The Danish amateurs have been doing 
very useful work in helping a steamship line 
to equip three of its boats with short wave 
sets, to communicate with another station 
on land. The ships ply between Denmark 
and South America, U.S.A., and Iceland 
respectively, and have three-letter calls 
beginning with OY— or OZ—. Reports on 
the signals from these ships will be welcomed 
by Danish 7ZM. 

Will all those who send me reports please 
note that I must have them in future by the 
6th of each month at the latest, instead of 
the roth as hitherto. Reports of low-power 
DX and reports from foreign stations are 
especially welcome. 


Mathematical Articles. 


E have received many letters from 

W our readers suggesting that we 

should publish articles which would 
help those whose mathematical training has 
been limited, to acquire sufficient knowledge 
of the subject to understand and appreciate, 
to a greater extent, the mathematical treat- 
ment which necessarily enters into so many 
of our articles. We sympathise very 
sincerely with those who labour under. this 
disability ; it is very disheartening to get 
interested in an article and then come 
suddenly, on an unintelligible piece of 
mathematics which makes any further 
interest impossible. 

We are pleased, therefore, to be able to 
say that we have made arrangements for the 
unmediate commencement of a series of 
articles which will deal with just those branches 


of mathematics which are most important 
to the radio engineer. The subject will be 
dealt with in as simple and practical a manner 
as possible, special emphasis being laid 
throughout upon wireless applications. As 
in some cases our correspondents have men- 
tioned that it was their inability to follow 
Mr. Colebrook's articles which caused them 
specially to regret their lack of mathematics, 
we are very pleased to be able to say that 
Mr. Colebrook has undertaken to prepare 
the series of articles, which we trust will not 
only enable many of our readers to add 
to their knowledge of mathematics, but 
will also enable them to applv more con- 
fidently the mathematical knowledge that 
they already possess to the problems which 
they meet in their reading and in their 
experimental work.—EbDs. 
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How Far is that Station ? 


By H. E. Adshead, B.A. 


how far away and in what direction a 

certain station lies. Perhaps one is 
trying a few directional experiments with 
a frame aerial, or following an aeroplane 
conversing with Croydon. Maps do not 
assist us much because the two places 
seldom come on the same sheet. When we 
turn to a Mercator projection of the world— 
the usual one with parallel lines of longitude 
—the apparent directions are quite erroneous. 
Ask a Londoner to indicate the direction of 
New York, and he might point towards 
Cornwall, whereas the line passes N.W. more 
or less through Chester! One would hardly 
think from Mercator that the shortest way 
from San Francisco to the Philippine Islands 
was all round the coast and down the side 
of Japan, not “ straight across ” the Pacific. 

To work out the bearing (direction) and 
distance by spherical trigonometry sounds 
complicated, but I am attempting to make 
this quite easy. I have set out a special 
skeleton (filled in with the figures of a worked 
example) which reduces it to its simplest 
form, and nothing more than the ability to 
look up a few straightforward logarithms 
is required. Rule half-a-dozen horizontal 
lines and write out all the words there shown, 
leaving blanks for your own angles and logs, 
then about twenty minutes with a book of 
tables will solve the problem. E. and O.E.! 
The most likely pitfall is to forget to carry 
6s when dealing with minutes of angle and 
to carry Io's instead. 

It is advisable to make just a rough earth 
diagram to see what one is about. In order 
to form a spherical triangle on the earth 
with the two places, we run their lines of 
longitude up to the nearest pole, and then 
we have the triangle shown black, the third 
side which we calculate being the distance 
required. The angle at the pole is called 
D. long., or difference of longitude, and it is 
obviously equal to this if both places are on 
the same side of Greenwich meridian, and 
equal to their sum if on opposite sides. 
Latitude is measured in degrees from the 
equator, but it is the other part we want, 


E is sometimes of interest to know exactly 
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the degrees from the pole, so we subtract the 
latitude from go”, and this is called the co- 
latitude. Should one of the places be below 
the equator, its distance from the pole 
would be latitude + 90° instead. Try this 
with a sketch. 

Suppose now I have listened to an aeroplane 
speaking as far as Abbeville (the pilot says 
where he is) on one valve. How far is that ? 
The latitude and longitude of each station is 
obtained from a good atlas or map. We 
then work out the initial data so :— 


Long. Lat. Co-lat. 
Abbeville 1°50’E 50° 08’N 39" 52’ 
Author ... o 20'E , 51°57’N 38°03 


D. Long.=1° 24’ 
4 D. Long.=0° 42’ 


I will leave this to the reader as a problem. 
The distance comes to 120 geographical miles, 
and bearing 153° 24’. I take instead the 
American broadcasting station KDKA Pitts- 
burg, and Cambridge, England. The dis- 
tance comes out in degrees, and we remember 
that 1°=60 geographical miles, and I geo- 
graphical mile=6,087.1 feet. One gets two 
angles for bearings ; whichis which? I have 
merely called them A and B so as to refer 
to them. In any triangle we can see, though 
Euclid made us prove it, that the greatest 
angle is opposite the greatest side, and since 
KDKA is farther from the pole than Cam- 
bridge, therefore 68° 35’ will be the angle 
opposite it, and the bearing required. The 
results can be checked by comparing them 
with the “ Wireless World '' True Bearing Map 
of the World. It should be noted, however, 
that the scales are given wrongly, and are 
more nearly rIin.=I,o40 miles, . 1.5cm.== 
ggokm. The earth is shown as a 241m. 
circle, and 1 in.= 1,000 miles would make its 
circumference 900 miles short. 

It 1s intended in my skeleton that all the 
logs on one line shall refer to the angle at the 
beginning, and that all the logs belonging 
to the same angle be filled in while the book 
is open at that page. When looking up 
tan 4 (4 --B) enter the sine of it under the 
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distance column at the same time. A few appropriate formule set out according to the 
readers may be puzzled as to why adding usual notation. These are :— 


half the sum to half oe difference of two tan $ (A+B)=cotic, cos $ (a—b)/cos 3 (a+b) 
uantities, gives the arger one, and sub- R . A el 
etne them, the smaller ; but it is so, try iang (A 5) Ti Cota sema (a=-0) Sin caso), 
it with a few examples, lantc=sin}(A +B). tan }(a—b) sin 4(A—B) 
Five-figure logarithms will give an answer Some may ask, why not employ secants 
accurate enough. Perhaps the best five- and cosecants? In the first place many 
figure tables are those of M'Aulay, published tables do not give them. Secondly, they do 
by Macmillan. The type setting is good and not, for angles near o” and 90°, give accurate 
thev are fully complete. For seven-figure results. Test this on the Abbeville example 
logs there is the usual Chambers, but some which is rather interesting on this. account. 
German tables are better set out. It is not necessary to enter into explanations 
I suggest the reader should work this here. The positions of two B.B.C. stations 
problem- out again for himself, without are: Daventry 1°9'W: 52°15'N, London 
referring to my figures. o”9W ; 51“39'N, the latter being on the 
Mathematical readers may like to see the roof of Messrs. Selfridge's Store. 


DISTANCE APART OF Two PLACES ON THE EARTH BY LATITUDE AND LONGITUDE, 
. Moprr SoLurTiom, 


I geo. mile=6,087,1 ft. (1855.32 m.); 
T stat. mile=5,280 ft. ; 


Long. Lat. Co-lat, 
Example: r, CAMBRIDGE o” 08’E 52° 12'N 37° 48° 
2. KDKA 79° 56W . ĝo? 23/N 49° 33' 
D. Long.= 80° o4' 
i D. Long.= 40° 02’ 
Data, For i(4 +B). For $(4—B), For Distance, 
Co-lat. (2) 49° 33’ ; : 
‘Co-lat. (1) 379 48’ # D. Long. 40° o2 log cot 10.07567 log cot 10.07567 log sin 3(4 +B) 9.93115 
Diff, 119 45’ i Diff, 5° 52’ log cos 9.99772 log sin 9.00951 log tan 9.01179 
add 20.07339 . 9.08518 | 18.94294 
Sum 879 21° 4 Sum 43° 40° log cos 9.85936 log sin 9.83914 log sin 1(4—B) 9.23967 
N subtr. 10.21403 9.24604 9.70327 
POLE =log tan =log tan 
(4 + B) 4(A4—B) =log tan jd = 26° 48° 
= 58' 35’ = Io” 00’ d= 53° 36’ 
58° 35’ = 3,216 minutes or 
10° 00’ geographical 
—— miles, 
i adding 68° 35'=4 6087 
| subtra. 48° 35’ -=B 3.216 x —— = 3,708 statute miles. 
i 5280 
| 
| —— 
E The : 
greatest angle is opposite the greatest side, 
i EQUATOR therefore the bearing of KDKA is A, 68° 35’ W. 
| of North. 
| Er 
l 
| NOTE.— 
! 
j 
| 
l 


„097 
= 1.153, log 1.153 == 0.06177, 
5,280 


ratio 


G. MERIDIAN 
wv -——- 
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From the World's Wireless Journals. 


Abstracts of Technical Articles. 


R100.—GENERAL PRINCIPLES AND THEORY. 


R112.6.—HORIZONTAL RECEPTION.—R. S. Kruse 
(Q.S.T., Feb., 1926). 


An account of work with horizontal aerials, 
introduced with special reference to experiments 
by Dr. G. W. Pickard. Pickard has used a Hertzian 
rod antenna, with the receiving apparatus at its 
centre, the whole mounted on top of a wooden 
tower 18 ft. high, the Hertzian rod being mounted 
so that it can be rotated or swung into any position. 


RATIO HA, 


DISTANCE IN KILOMETRES 
Fig. 1. 


Pickard is quoted as stating that wavelengths of 
the broadcasting band or of greater length are 
always found to be vertical by day with no measur- 
able trace of horizontal. At night there is a hori- 
zontal component amounting to 5 or IO per cent. 
of the vertical. With waves of 80, 40 Or 20 metres 
it is found that the greater part of the wave arrives 
horizontally polarised, the ratios for 80 metres 
being two-thirds horizontal and one-third vertical, 
for 40 metres four-fifths horizontal and one-fifth 
vertical. The results are summed up as follows: 


— ~ 


F G 
Fig. 2. 


The ratio of the horizontal to the vertical electric 
forces in the wave front depends upon three factors: 
frequency, distance and time of dav. This ratio 
is not, save in the immediate vicinity of the trans- 
mitter, in any way dependent upon the polarisation 
of the wave at its origin. The curves of Fig. 1 
are given as showing results on 80 and 40 metres. 


The article also gives a general discussion of the 
Hertzian di-pole in transmission and reception. 
Further work on the use of horizontal acrials is 
described and several typical circuits used are 
illustrated, that of Fig. 2 being favoured, each of 
the small condensers being about 5uuF. 


R113.—SOME STUDIES IN RADIO BROADCAST.— 
R. Brown, D. K. Martin and R. K. Potter 
(Electrician, i2th Feb., 1920). 


An abstract of a Paper read before the Institute 
of Radio Engineers, dealing with an investigation 
of transmission made round New York City, and 
in continuation of previous work by the same 
writers. It was observed that there were points 
relatively near New York City where quality 
distortion was marked at night and in one case 
detectable in day time. Experiments are described 
for the investigation of this phenomenon, and it is 
stated that the carrier and side bands do not fade 
together as a unit. The carrier may pass through 
a zero value with still considerable amplitude in 
the side-band frequencies. Fading is therefore a 
function of frequency as well as of time. Simple 
wave interference is the most likely explanation, 
The effect of frequency differences in fading is then 
considered theoretically, and curves are given for 
simultaneous fading on 610 and 610.5kc. 610 
and 609.5kc., and 610.5 and 609.5kc. The last 
shows that maxima and minima of the two fre- 
quencies are opposed fairly regularly over the 
33 minutes of record shown. Experiments are 
then described when transmitter frequency was 
changed in steps over an adjustable range. Results 
show that within the 2,280 cycle band covered by 
the data there is approximately one complete cycle 
of selective fading, the main frequency ditlerence 
betwcen the successive minima being approximatelv 
2,200 cycles. After considering the shadow effect 
—e.g., of tall buildings—the paper then describes 
measurements of fading with spacing. Receivers 
were spaced 1-16 wavelength apart (a) along the 
line of transmission and (b) across the line of trans- 
mission. Result curves are shown, the latter 
revealing closer parallelism than the former. 
Simultaneous fading results are also given for a 
vertical aerial and for two loops at right angles to 
each other in a horizontal plane. These show that 
a high amplitude of signal may be coming in on 
both loops while the vertical aerial signal is very 
small. 

Selective fading and its eflect on received distor- 
tion is then considered theoretically, and it is shown 
that one side band may fade out completely but 
that the other will still bring in the signal so long 
as the carrier is not also lost. The authors con- 
clude that the best form of transmission is single 
side-band with carrier suppression, and its replace- 
ment at the receiver, although the application of 
this to broadcast transmission and reception would 
not seem practicable on economic grounds. 
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R113.—NOTES ON WIRELESS MATTERS-—L. B. 
Turner (Electrician, 12th Feb., 1926). 


A continuation of the review of progress in 1925. 
The magneto ionic theory of propagation is reviewed, 
along with recent contributions to the literature of 
the subject. Experiment and theory both point to 
a critical wavelength of 210 metres at which great 
absorption should occur in the upper atmosphere. 
At long distances much better ranges should be 
obtainable with longer or with shorter waves than 
this critical value. Other work on propagation is 
referred to, including that of Appleton and Barnett 
(abstracted in E.W.G W.E., February, 1926) 
showing definitely that signal rays do arrive from 
above as well as horizontally. Reference is also 
made to the extensive data on signal strength 
measurements given in the Marconi Research 
Staff's recent I.E.E. paper (abstracted in E.W.& 
W.E., December, 1925). The transmission formula 
deduced is compared with the original Austin- 
Cohen formula. The present state of knowledge 
about the upper atmosphere in relation to wireless 
is then summarised. 


RI14.—LA PREVISION DU TEMPS ET LA VARIATION 
DIURNE DES ATMOSPHERIQUES. —R. Bureau 
(Comptes Rendus, 4th Jan., 1926.) 

The writer distinguishes three chief types of 
diurnal variation of atmospherics :— 

(1) A regular variation characterised by a very 
marked maximum during the night and an equally 
marked minimum during the day, with a sharp 
decrease about sunrise and an increase, generally 
less abrupt, about sunset. 

(2) A regular variation characterised by a total 
absence of atmospherics in the morning, their 
marked appearance about 11 or 12, with a maximum 
about 3 p.m., and their disappearance about 9 p.m. 

(3) Irregular variation, appearance and dis- 
appearance without regard to the time of day or 
night. These are correlated with meteorological 
phenomena. The first originate in anticyclones, 
the second in “ pseudo polar fronts,” and include 
the type of atmospheric known as “ grinders.” 
The third is produced by disturbances on a cold 
front (edge of a depression). The first type is more 
noticeable in winter, the second type is not so 
prevalent in moderate latitudes (e.g., France) except 
in summer, and is more prominent in tropical 
regions. 


R134.—THE RECTIFICATION OF SMALL RADIO 


FREQUENCY POTENTIAL DIFFERENCES BY 
MEANS OF TRIODE VALVES.—PART IV.— 
F. M. Colebrook (E.W. ĉ W.E., Feb., 
1926). 


R149.—LA CONDUCTIBILITE DES COLLOIDES METAL- 
LIQUES ET SES APPLICATIONS ELECTRO- 
CHIMIQUES. — H. Andre (Onde Elec., Jan., 
1920). 

An article dealing with colloidal materials, and 
their use in electrotechnics, especially in wireless. 
The general properties and history of colloids are 
first dealt with. Organic colloids have proved 
unstable, but metallic, especially silver, colloids 
have proved stable and satisfactory electrically. 
The conduction through a cell with electrodes 
dipping into a colloid are considered, and the 
author draws a parallel between the action and the 
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electronic emission from a thermionic valve. The 
rectifying action of a colloidal cell is then con- 
sidered, and various applications illustrated. These 
include the use of one cell as a simple rectifier for 
accumulator charging, etc., and the use of two cells 
with a centre tapped transformer for full wave 
rectification, and an arrangement of four cells to 
give full wave rectification without a transformer. 
The arrangement of a number of colloidal cells in 
series or in parallel is also discussed. The author 
then deals with applications to wireless technique, 
and illustrates a cell for this purpose in which the 
cathode is somewhat after the form of the electrode 
of a Wehnelt interrupter. This works as a wireless 
detector without any auxiliary voltage and with a 
sensitivity equal to any “ contact apparatus.” It 
is also stated that with suitable electrodes and 
correct concentration of acid, these cells can be 
used for the generations of high frequency oscilla- 
tions. By suitable adjustment from a potentio- 
meter the arrangement can also be used to give 
amplification with rectification of H.F. currents. 
The author concludes by comparing the cases of 
thermionic emission and cold (colloidal) emission, 
and suggests that the development of the colloidal 
cell may enable it completely or partially to replace 
thermionic valves for wireless reception. 


R200- MEASUREMENTS AND STANDARDS. 


R20I.—-AN EXPERIMENTER’S WIRELESS LABORA- 
TORY.—L. A. Sayce and J. Taylor (E.W.6- 
W.E., Feb., 1920). 


R220.—A SIMPLE METHOD OF MEASURING THE 
CAPACITY AND HIGH FREQUENCY LOSS OF 
A CONDENSER.—L. A. Sayce (Journ. Scten. 
Insts., Jan., 1926). 


The method employs a triode oscillator 4 with 
a ' backed ott ” galvanometer in its anode circuit. 
Coupled to .4 is a closed oscillatory circuit B, con- 
taining inductance L, condenser C, and resistance 
R. It is known that, as the coupling between 
B and 4 is tightened, B commences to be forced 
into resonance with 4 over a short range of C,, 
during which the galvanometer drops to a minimum. 
In the method described the coupling used is that 
at which the “ forcing” just commences. The 
method is then as follows: (1) R being kept ata 
value R', near to its maximum, the coupling is 
adjusted to the point where the “ forcing ” effect 
just commences, when B is tuned with C, at the 
value C,’; (2) Cx, an unknown and imperfect 
condenser, is then joined in parallel with C,, and the 
latter reduced in value until an ill-defined null 
point indicates approximate resonance; (3) R is 
then reduced to a new value R” when “ forcing ” 
again just commences. (4) C, is finally readjusted 
to a new value C,” at which exact resonance is 
again shown. It is then evident that the total 
capacity and total losses in B are identical in 
(1) and (4), so that the capacity of Cx is C, —C;”, 
and its H.F. losses are R’—”. The losses of C, 
should be negligible and R should be of constant 
inductance and capacity. 


R2601.—AN APPLICATION OF THE DIODE TO THE 
MEASUREMENT OF A.C. VOLTAGES.—-Ĵ. Tay- 
lor (Journ. Scien. Insts., Jan., 1926). 


A description of a new form of valve-voltmeter, 
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using a three-electrode valve with its anode and 
grid connected together to form a diode. The 
arrangement is shown in Fig. I, where R is of the 
order of 1 megohm. 


Fig. 1. 


The author first considers the case of an ideal 
valve, t.e., one having unilateral conductivity, 
following a linear law. It is shown that if an A.C. 
voltage of average value V is applied to terminals 
T, and T,, the average current will be half that 


produced by a D.C. voltage of V. Expressions 
are then deduced for the same cases with a diode 
following Langmuirs “three halves power” 
law, showing that the ratio is still very nearly 
half. With the conditions quoted and a potential 
of only 8 volts, the ratio of D.C. to A.C. would be 
2.01 instead of 2, the error decreasing with increase 
of the voltage measured. 

For calibration T, and 7, are first short-circuited 
and a small back voltage introduced to neutralise 
any small zero-voltage current. A known steady 
voltage, say 50 volts, is then applied and R adjusted 
to give, say, 100 galvanometer divisions (2 divisions 
per volt). If the instrument is then used on A.C. 
supply the galvanometer will give a deflection of 
one division per volt (average volts). Since R.M.S. 
voltage is directly proportional to average voltage, 
the galvanometer may be made to read R.M.S. 
value directiy by suitable adjustment of R. 

Frequent calibration is stated not to be necessary, 
and the calibration is altered little if at all when 
one valve is substituted for another of a similar 
tvpe. Results are given for measurements from 
100 down to IO volts for three different valves. 
These show very good agreement. 


R281.—SuR UN NOUVEL [ISOLANT ELECTRIQUE.— 
A. Samuel (Comptes Rendus, 18th Jan., 1926). 


A description of a new insulating material, to 
which the name ¢thiolite is given. It is derived from 
formic-aldehyde and creosol, and is produced (after 
treatment described) in the form of a white powder. 
The powder melts-at a temperature of So deg., and 
can be further heated and moulded as a solid 
insulator. It sets very hard and is quite insoluble 
in any solvent. It is non-fusible and non-inflam- 
mable, and does not re-soften with heat. It is 
also non-hygroscopic and resists chemical action. 
Samples produced at the beginning of the research 
four years ago, show no sign of change. Its 
resistivity is quoted at 3 ~ 108 megohms per 
centimetre cube and its specific inductive capacity 
at 4.5. Its dielectric losses at high frequency are 
very low. 
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R300.—APPARATUS AND EQUIPMENT. 


R342.—THE PERFORMANCE OF AMPLIFIERS. -— 
H. A. Thomas (J.I.E.E., Feb., 1926). 


A detailed abstract of this paper appeared in 
E.W.& W.E. for January, 1926. 

The first section of the paper deals with the 
measurement of voltage amplification. For H.F. 
measurements a known H.F. voltage (obtained by 
means of an oscillator and Dye transformer) is 
modulated 100 per cent. at 1,000 cycles and applied 
to the amplifier input. The output is measured by 
a vibration galvanometer. For L.F. amplifiers 
the 1,000 cycle oscillator is used. Results are shown 
for H.F. transformer-coupled amplifiers and for 
resistance-capacity coupling. The second section 
of the paper deals with the input impedance of the 
amplifier, t.e., the effect which the connection of the 
amplifier has upon the oscillatory input circuit. 
Expressions are given for both cases, with or 
without reaction, and it is shown that the effect due 
to reaction can be expressed in terms of the known 
theoretical conditions. The last section of the 
paper deals with distortion in audio-frequency 
amplifiers. For the lower audible frequencies, 
I 30-300 cycles, an Einthoven galvanometer was used 
for the measurement of distortion. For 1,000 cycles 
input a cathode ray oscillograph was employed. 
Cases of severe distortion are illustrated and 
analysed. The discussion which followed the 
reading of the paper is also given. 


R350.—A.C. RELAYS.—H. P. Westman (Q.S.T., 
Feb., 1926). 


The article gives a description of a type of relay’ 
designed by the author for use on the A.C. supply 
to a transmitter. One relay is used to break the 
main power leads, and another as an aerial change- 
over switch. Constructional details and diagrams 
are given, with a photograph of the completed relay. 


R360.—SHORT WAVE, PLUG-IN COIL, RECEIVER 
DESIGN.—F. J. Marco (Q.S.T., Feb., 1920). 


The receiver: described uses plug-in coils for 
grid and reaction circuits. The coils are mounted 
together and terminalled on four plugs, the plugs 
of the grid coil being spaced widely apart. An 


oÍ J = 
5 l ; 
>C = 
7 pr = 
Co 
ay H.F. CHOKE | 
= OOŬŬO 
7 ae 
Fig. 1. 


aperiodic aerial coupler is hinge-mounted on the 
base which carries the tuned coils. Three sizes 
of coil are described, for a total range of 15 to 130 
metres. The coils are of spaced solenoidal winding 
on a skeleton former of 3 inches diameter. Coil 4 
has 19 grid and 6 reaction turns, B 8 grid and 4 
reaction, C 3 grid and 2 reaction turns. The grid 
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coils are of bare No. 18 copper wire, spaced its own 
diameter. The reaction coils are of small size (not 
stated) cotton-covered wire slipped inside the main 
inductance and glued in place at the filament end 
of the grid coil. The position of the reaction coil 
being fixed, reaction control is provided by the 
variable condenser Ce of Fig. 1, where C, is of 
I40uuF and Ce of 200-250uNuF total. Calibration 
curves are given for the three coils described, the 
reaction control having only a very slight effect 
on the tuning. 


R341.6 and R386.—BaATTERY SUBSTITUTES.— 
R. S. Kruse (Q.S.T., Feb., 1926). 


An article describing extensive tests on various 
(American) commercial rectifier and filter devices 
for use with A.C. mains for H.T. supply to receiving 
sets. Thirty-two devices were tested, r9 being 
already on the market. These 19 are stated to 
be unquestionably the best of the assortment, 
although the relative merits of the various makes 
are not stated. The rectifiers tested fall into three 
classes: Gaseous tubes, with cold electrodes (e.g., 
Epom, Raytheon, as recently referred to in abstracts 
in these columns) ; Electrolytic ; Kenetron or ther- 
mionic diode; Kenetron plus gaseous tube; and 
one completely sealed but probably electrolytic. 
Tests were made with the following types of 
receiving set: A regenerative detector with two 
stages of high grade transformer L.F. amplification ; 
a crystal detector with resistance-capacity L.F. 
amplifier; a supersonic heterodvne without L.F. 
amplification ; two H.F. stages with detector and 
‘two L.F. stages ; two H.F. stages with detector and 
three L.F. resistance-capacity stages. Some of the 
devices tested were not found suitable for the 
supply of complete receivers within the above 
classes. It is stated that the radio frequency 
amplifier was apparently most sensitive to remaining 
hum in the supply, and that it was possible to feed 
the L.F. system with some devices which were 
quite unsatisfactory for the whole set. Types and 
details of filters are discussed, and the article well 
illustrated with diagrams and photographs of many 
of the substitutes tested. 


R351.218.—THE P1EZO-ELECTRIC EFFECT AND 
ITS APPLICATION TO WHIRELESS.—C. W. 
Goyder (E.W.& W.E., Feb., 1926). 


R375—SUR LA DETECTION ET LA STABILITE 
DE CERTAINS DETECTEURS.—H. Pelabon 
(Comptes Rendus, 11th Jan., 1926). 


A note on imperfect contact detectors of the 
general form metal-dielectric-metal. Reference is 
made to a previous note in which the same author 
described the use of a metal plate with a powder of 
a metalloid and a metallic point. It is now shown 
that all dielectrics more or less give the same 
behaviour as a metalloid and that a sphere of 1 to 3 
cm. in diameter may replace the point. Air alone 
asa dielectric is unstable, and the use of an insulat- 
ing ring of about 1 mm. thickness is recommended, 
the sphere being compressed until detection is 
obtained. Powdered insulating materials (e.g., 
sulphur, ebonite, glass, mica, etc.) may replace the 
ring, and excellent results are stated to have been 
obtained with silicon. The use of a very thin sheet 
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of mica is also described, the sphere being com- 
pressed until a puncture is made in the mica. A 
thin coating of gum may also be similarly used. 


R375.—SUR LE MECANISME DE LA DETECTION.— 
H. Pelabon (Comptes Rendus, 15th Feb., 
1926). 


A discussion of the theory of the rectifier arrange- 
ments described in 'the previous abstract. The 
role of the dielectric is twofold—it opposes the 
approach of the conductors and acts approximately 
as a restorer after the manner of a Branly coherer. 
Under a voltage, the two conductors are attracted, 
and the dielectric exercises an opposing force 
separating the conductors on the cessation of the 
voltage. A like state of vibration has been observed 
by other experiments (quoted). The distance e 
between the conductors thus varies between e—-a 
and e + a. When the sphere is at the closer distance 
of e—a it is alternately electrically positive and 
negative. During the negative periods the surface 
density of negative electricity can attain sufficient 
value to permit some electrons to leap the very 
small space separating the conductors. 


R351.218 and R384.—CALIBRATING YOUR WAVE- 
METER FROM A QUARTZ CRYSTAL.—J. M. 
Clayton (Q.S.T., Feb., 1926). 


An article describing the practical use of an 
oscillating Piezo-electric (quartz) crystal as a 
frequency standard for the calibration of another 
circuit. The crystal oscillating circuits are first 
discussed ; the arrangement illustrated provides 
for the connection of the quartz between grid and 
anode or between grid and filament, the latter 
being preferred. An auxiliary generator, in the 
form of a Hartley oscillator, is then described, 
with the method of tuning it to the fundamental 
of the quartz drive. The wavemeter is then to be 
loosely coupled to the auxiliarv generator and tuned 
for maximum drop in the auniliary generator milli- 
ammeter. The crystal oscillator remaining un- 
touched, the auxiliary drive is then tuned (by 
reduction of the condenser) to the second harmonic of 
the quartz drive, and the wavemeter tuned to this as 
before and so on throughout the available range of 
harmonics. Points should be recorded as obtained 
on squared paper so that any error may be detected 
at once. This refers particularly to the accidental 
selection of a “ fractional harmonic,” but the 
author later describes how these can deliberately be 
chosen to obtain a greater number of points. The 
article concludes with a list of sources (in America) 
from which quartz oscillators can be obtained. 


R386.—EssaI SUR LA THÉORIE DES FILTRES 
ELECTRIQUES.—P. David (Onde Elec., Jan., 
1926). 


A lengthy treatise on the theory and practice of 
filters. First is considered the simple case of the 
reduction of current due to a circuit whose impe- 
dance is a function of frequency. If the ratio 
current without tilter 


current with filter 
is said to be “a Napiers,” and the Napier is 
defined as the reduction experienced by a current 
which is reduced to 1/€ of its initial value. 
Treatment is then developed for a simple filter 


—e+, the reduction of current 
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of negligible resistance, built up from consideration 
of the links of a filter chain. The conditions for 
filtration are stated and the expressions are used to 
Show graphically the limits of frequency which 
will be passed. The treatment is applied first to 
the particular case of a low-pass filter, then to 
the cases of high pass and band pass filters. The 
eftect of ohmic resistance is next considered, and 
expressions given for the modification of impedance 
due to its presence. The alteration in the caseofa 
low pass filter is particularly illustrated. The 
latter part of the article considers the linking up 
of units of a filter chain, the units not necessarily 
being identical. 


R386.—FILTERING THE SYNCHRONOUS RECTIFIER.— 
C. Hoover (Q.S.T., Feb., 1926). 


A description of the author’s experiments on 
filtering the output of a rotating synchronous 
rectifier for transmitter supply from A.C. mains. 
The filter finally used has two effective capacities 
each of tmF across the output, the first condenser 
having a series resistance of 6,000 ohms. A choke 
of 50 henries is inserted in one lead, and of 1 henry 
in the other. 


BR400.SYSTEMS OF WORKING. 
R401.24.—A PORTABLE TRANSMITTER.—A. H. 
Waynick (Q.S.T., Jan., 1926). 


A description, with photographs, of a small trans- 
mitter for 40-80 meters. The transmitter panel 


Fig. 1. 


measures only 6$ by 11 inches. The circuit used 
is the Reinartz Sending Circuit, shown in Fig. 1. 
The following dimensions are quoted :— 
C, and C .00025uF variable. 
C, and Cy .oo2/uF mica. 
Cs .00025nF mica. 


257 


April, 1926 


L, and L, 15 turns Lorenz coil, 3 in., diameter 
for 40 meters, or 30 turns for 80 
metres. 

R Variable grid leak. 

RFC: Radio frequency chokes, each of 9o 
turns, No. 28 enamelled wire on 
14 inch tube; the coils wound in 
opposite directions to each other. 

The circuit shown is said to be very adaptable 

to aerials of various characteristics. 


R500.—APPLICATIONS AND USES. 


537.1.—REVIEWS OF PROGRESS—ELECTROPHYSICS. 
Prof. A. O. Rankine (J.J.E.E., Jan., 
1926.) 

A review of the present position of knowledge 
on the fundamental electrical structure of matter, 
dealing with the atom, electrons, protons, etc., 
X-rays, ionisation potentials, photo-electricity 
conduction in gases and in metals, and magnetism. 


R800.—NON-WIRELESS SUBJECTS. 


R621.313.355.—ENTRETIERS D'UNE OSCILLATION 
LIBRE NON SINUSOIDALE PAR RESONANCE 
DE L'UN DE SES HARMONIQUES.—J. Fallon 
and A. Mandiut (Comptes Rendus, ist Feb., 
1926). 

The article first considers the transient effect in 
an oscillatory circuit of frequency m when an oscil- 
latory or alternating E.M.F. of frequency w is 
impressed on it. It is pointed out that the transient 
term quickly becomes negligible, but if it is desired 
to obtain across the circuit condenser a voltage of 
frequency m, it is necessary that w should be a 
harmonic of m. If the circuit has a magnetic— 
e.g., iron—core and the transient term is sufticient 
to saturate it, the current wave is altered and the 
voltage across the condenser includes a fundamental 
of frequency m accompanied by a series of har- 
monics. This is capable of use as a frequency de- 
multiplier, t.e., of giving an output frequency which 
is a sub-multiple of the input. The method used 
is by the connection of a suitable transformer 
across the condenser. It is stated that the arrange- 
ment has been used to obtain a frequency of 
16$ cycles from a supply of 50 cycles. 


R621.313.355.—SUR LA REVERSIBILITE DES MUL- 
TIPLICATEURS DE FREQUENCE A NOYON DE 
FER.—A. Blondel (Comptes Rendus, 1st 
Feb., 1926). 

A theoretical consideration of the process 
described in the preceding abstract (Fallon and 
Mandiut). The fundamental equation for a fre- 
quency multiplication is considered, and it is 
shown that from this the reversibility of the 
process is to be expected. It is pointed out that 
the de-multiplier will tend to be less stable than the 
frequency multiplier, and that stability will be 
helped bv an increase of load on the output circuit. 
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Correspondence. 


Letters o; interest to experimenters are always welcome. In publishing such communications 
the Editors do not necessarily endorse any technical or general statements which they may contain. 


The Beverage Aerial. 
The Editor, EW. & W.E. 


Sır, —I notice your correspondent, Mr. Kaye E. 
Weedon, in the February issue, makes inquiries 
with regard to the Beverage Aerial.* The Beverage 
Aerial is described and forms the subject of the 
United States Patent No. 1,381,089, granted to 
Mr. H. H. Beverage. A very excellent article by 
the inventor will also be found in the November, 
1922, issue of Q.S.T., on page 7. The aerial con- 
sists of a single horizontal wire of length equal to 
the wavelength to be received or of length equal 
to an integral multiple of the wavelength. The 
far end of the wire is earthed through a resistance 
equal to the surge impedance of the wire. An 
aerial suitable for 200-metre reception will be 
650 ft. long and the surge impedance of such a 
wire is 550 ohms, assuming length stated and 
height io ft. from the ground. There are one or 
two effects which theory does not consider, so the 
most suitable resistance is best found by experi- 
ment, and in the case given above will be in between 
200—600 ohms. The near end of the aerial is 
taken to earth through an inductance in the usual 
manner. For 200 metres this inductance should 
have a value of approximately 1oon#H. The receiver 
is then coupled on to this inductance. The aerial 
has no very special virtue except that its direc- 
tional properties are enormous, which, of course, 
results in the reduction of static and interference. 
Unfortunately, it is impossible to erect such an 
aerial in the back garden as Mr. Weedon mentions ! 


DALLAs BOWER. 
Brighton, Sussex. 


Rejectors and Absorbers. 
The Editor, E.W.& W.E. 


SIR,—I have read with interest Professor Howe's 
article on Rejectors and Absorbers in your last 
issue, but feel there is one point which I do not 
quite understand. 

Surely, for a circuit containing LCR in the form 
of a rejector the resonant angular frequency is 


given by w where w NAI ŭe i 
LC L? 

I think it is correct that at resonance the im- 
pedance of a rejector is L/CR ohms, and that the 
power factor in the external circuit is unity, so that 
the value of V/I given as w®L?2/R-+jwL is incorrect 
as it cannot be of unity power factor due to the 
presence of the term jwl.. 


* Fora very complete description and discussion 
of the Beverage Antenna, see an article by Beverage, 
Rice and Kellogg in the Journ, Amer, Inst. Elec, 
Engineers, Vol. 42, 1923. Also a paper read by 
Busch in the Jahrbuch des Drahtlosen Telegraphie, 
Vol. 21, 1923. 


Admittedly in practice R2/L2 is small compared 
with 1/LC so that the assumption that R?/L?=o 
does not introduce appreciable error in”assuming 


that the resonant frequency is 1/2m/LC. 


The impedance of a rejector circuit can be given 
by I 


(“wl XA / Roa 
(eters °C) + (arap) - 
from which at resonance 


wL C N I R? 
mapo Ov OF = NEC” DE 
and impedance 
Ral? L 
~ R CR 
C. C. INGLIs. 

(The statements made by Mr. Inglis are quite 
correct, and in the case of the rejector circuits tit 
would have been better if I had not used the term 
resonance for the condition when #=1, or had 
explained more precisely the sense in which I used 
the term. 

I was mainly concerned, however, to show the 
similarity between these circuits and the absorber 
circuit of Fig. 1, and to bring this out I considered 
in each case the condition w®CL=1. 

I would point out, however, that w=I/NIC is 
the resonant angular frequency of the rejector 
circuits themselves, that is, considered as closed 
circuits in which an E.M.F. is induced, and it was 
in this sense that I used the term resonance. It is 
not exactly the frequency, however, for which the 
rejector circuit, when forming two parallel paths 
for an external current as in Figs. 2 and 3, acts 
as a non-inductive resistance. ln the case of 
Fig. 3, this angular frequency is given by the 
formula 


~= ee 
LC L2 


as stated by Mr. Inglis, whereas in Fig. 2, 


TRAS 
w= rean 
G. W.O. H.) 


“ Wipe Out.’’ 
The Editor, EW. 6 W.E. 


SIR, —Mr. Scroggie has evidently misread my 
letter. I did not intend to convey that the in- 
ductance of the oscillator was changed by influence 
of 2LO0. 

While the oscillator is oscillating in step with 
2LO it is quite possible that the re-radiation is 
1809 out of phase, which would account for the 
phenomenon. 

S. BROWNING. 

Kingstown, Ireland. 
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Some Recent Patents. 


A NEUTRODYNE CONDENSER. 


(Convention date (U.S.A.), 20th February, 1924. 
No. 229,625.) 


J. F. Dreyer and H. W. Dreyer and the Hazeltine 
Corporation describe the construction of a neutro- 
dyne condenser in the above British Patent. The 
accompanying illustration shows that the con- 
denser is a metal tube or piece of foil sliding over 


a piece of glass tube in which is located a piece of 
wire. Thus, in one arrangement, the condenser 
comprises a baseboard B, to which is fixed a piece 
of broad gauge wire W held by terminals T, 
around which is a glass tube G over which slides a 
metal tube M, to which a wire L is attached. 
Variation of capacity, of course, is obtained by 
sliding the brass tube along the glass tube, the 
wire inside the latter only extending about half- 
way. In another modification two pieces of wire 
are used projecting from either end of the tube, a 
metal tube sliding over the tube, capacity variation 
oe between the two wires through the metal 


GRID-LEAK CONSTRUCTION. 


(Application date, 12th January, 1925. 
No. 244,284.) 

M. Koopman claims the construction of a grid- 
leak or other similar resistance in the above British 
Patent, which is illustrated by the accompanying 
diagram. The grid-leak is made by taking a 
piece of ebonite or similar insulating tube T, and 
fixing screws S at each end. A flat is then pre- 
ferably filed along the length of the tube and the 
two screw heads, when graphite is applied by any 
convenient means, and burnished. The element is 
then held between two clips connected to a measur- 
ing instrument, and more graphite is added or 
taken away, until the required resistance is obtained. 


IIO CE Dj 


The unit so constructed is then placed in an 
ebonite or other insulating tube, provided with 
metal contact points adapted to be held in clips. 
Connection between the contact points and the 
resistance element is made by means of helical 


springs. 
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ANOTHER SQUEGGER CIRCUIT. 


(Application date, 1st November,1924. 
No. 246,592.) 

A rather interesting form of squegger circuit, 
and one which should appeal to experimenters is 
described by J. Robinson and N. Cox-Walker in 
the above British Patent. The squegger circuit, 
it will be remembered, is one in which a valve is 
provided with tuned high frequency circuits, 
coupled so as to produce a regenerative effect, 
the valve further being so adjusted that it will 
break into oscillation and cease oscillation at some 
this being known as the 
“ squegger ” effect. The accompanying illustration 
shows the broad idea of the invention. The grid 
circuit comprises an ordinary tuning coil ZL, and 
condenser C,, a reaction coil Ly being included 
in the anode circuit, as well as the telephones T. 
The grid circuit contains a grid condenser Cy, 
and an inductance L,, the grid potential being 
regulated by means of the grid potentiometer P. 


æ 


C, be T 


= | 


or To 
N a 


By-pass condensers are shown connected across 
the high tension battery and telephones. The 
aerial is tuned to the incoming signals in the usual 
way, by variation of the condenser C,, which also 
controls the frequency of the high frequency 
oscillations which the valve is generating. With 
this adjustment a note will be heard in the tele- 
phones. On a signal being received, however, 
the telephone note will vary in frequency, and also 
probably in character. In operation the position 
of the reaction coil L, and the slider on the potentio- 
meter have to be varied until a suitable squegger 
note is heard. The inductance L, may comprise 
a winding of about 10,000 turns of No. 42 copper 
wire, with a closed core of stalloy stampings, the 
resistance of the inductance being about 2,000 
ohms, while the squegger condenser C, may be 
about 0.0003uF. Many modifications of the 
circuit are shown. For example, the telephones 
T may substitute the iron-cored inductance L,. 
The value of the choke L, mentioned above is 
suitable for a high impedance valve. If a lower 
impedance valve is used, for example, of the order 
of 5,000 ohms, the inductance L, may comprise 
an air-cored choke, such as a 3,500 turn honeycomb 
coil. Or again a more compact inductance may 
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comprise 3,000 turns of No. 40 S.W.G. wire on a 
closed core of stalloy stampings. In another 
modification the high tension battery is dispensed 
with, the telephones being connected to the 
positive side of the low tension battery. Yet 
another modification consists in including a type 
of transformer, the primary circuit of which is 
in the anode circuit, while the secondary circuit 
comprises the inductance L,. Those interested 
in experimenting with squegger circuits would do 
well to study the specification in detail, as it contains 
a considerable amount of useful information. 


A MODIFIED IGRANIC TRANSFORMER. 


(Application date, 1st September, 1924. 
No. 246,535.) 

Some modifications of the well-known shrouded 
type of Igranic transformer are described in British 
Patent No. 246,535, which has been granted to 
the Igranic Electrical Company, Limited, A. H. 
Curtis, S. R. Wright and E. J. Brunning. The 
modifications are merely constructional details 
which tend to improve the efficiency of the trans- 
former. It will be remembered that in the early 
tvpe of transformer the two coils are arranged 
coaxially on a window type of core. In the 
accompanying illustration it will be noticed that the 
coils are still arranged in the same position, but 
a considerable air gap A is left between the primary 
P, and the secondary S. This, of course, very 
materially reduces the capacity between the two 
windings. Another feature of the invention lies 
in making the coils comparatively thin in relation 
to their diameter. The core has also been modified, 
and it is made in the form of a single rectangle C 


and comprises a number of separate rectangular 
lamine, each of which is made discontinuous by a 
small cut at one point of the magnetic circuit. 
The core is assembled from the laminz so that the 
cuts K come at ditferent points in the magnetic 
circuit. The rectangular lamine are then opened 
at the cut and threaded through the core, after 
which they are closed and pressed together. The 
edges of the core are further protected from the 
entrance of dust by providing copper or brass edges 
B which are bent round the ends of the lamine. 
Another minor modification is the inclusion of a 
spring plunger type of terminal. g 
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A DETACHABLE GRID LEAK. 
(Application date, 21st January, 1925. 
No. 246,305.) 

A very novel type of grid leak construction is 
described in the above British Patent Specification 
by C. Chapman. The invention consists in mount- 
ing a grid resistance element E between two discs 
D of ebonite or similar insulating material. The 
disc carries four sockets in the form of eyelets Z, 


which coincide with the normal position of the valve 
legs, the eyelets serving to hold the two insulating 
discs together. The resistance element is con- 
nected between the grid eyelet and one of the 
filament eyelets. Thus it will be seen that if the 
valve legs are pushed through the appropriate 
eyelets the grid leak will be connected electrically 
between the grid and one of the filament pins. 
Simply by removing the discs and turning them 
over, and replacing them on the valve legs, the leak 
will then be connected to the other side of the 
filament. 


A DISTURBANCE ELIMINATOR. 
“(Application date, 16th February, 1925. 
No. 245,953.) 

A circuit intended to eliminate disturbances 
arising from electric light mains, and similar forms 
of electric interference, is claimed by A. E. R. 
Trotman in the above British Patent, No. 245,953. 
The device comprises essentially a radio frequency 
choke and small capacity condenser, and a low 
frequency choke and a large capacity condenser, 
which are arranged as a network, and connected 
to an ordinary receiver. The accompanying 
illustration shows the arrangement of the circuit. 
The novelty of the invention hes not only in the 
arrangement, but also in the actual values of the 
components. Thus, in the illustration, the radio 
frequency condenser C; is of the order of 0.00034 F, 
and acts as a by-pass to radio frequency currents. 
The specification simply states that the iron- 
cored low frequency choke L; has a resistance 
of about 750 ohms, but no indication of its 
inductance is given. Between the aerial and the 
earth a high frequency choke Lz is included. This 
may comprise about 350 turns of No. 42 double 
silk covered wire on a 13 inch former. This 
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inductance is in series with a large capacity con- 
denser C3 of the order of 1 to 3uF. It would 
seem that the arrangement allows high frequencies 


C; 
}——__._- 
| : 
C2 
li Li 


to be applied to the set, and substantially tends 
to eliminate the effect of any low frequency 
potentials which might be introduced by induction 
from the aerial or earth leads, or by leakage currents. 


A LOW LOSS COIL FORMER. 
(Application date, gth March, 1925. 
No. 245,634.) 

The construction of a low loss coil former is 
described by Fullers United Electric Works, 
Limited, and A. P. Welch in the above British 
Patent. The accompanying diagram illustrates 
the type of former which, in effect, is simply a 
cylinder provided with a number of longitudinal 
fins or ribs. Actually the former is made out of 
sheet insulating material provided with a number 
of V-shaped ribs R. The sheet is then rolled into a 
cylinder, the ends being overlapped as shown at 
J. In order still further to increase the air space 
and remove as much dielectric material from the 
field as possible, holes H, or slots S, may be stamped 


out of the sheet. The specification also provides 
for arranging the ribs spirally about the surface 
of the cylinder. 


ANOTHER “ROUND ” LOUD-SPEAKER. 


(Application date, 5th January, 1924. 
No. 246,096.) 


Some very interesting details of the construction 
of a loud-speaker are described by H. J. Round in 
the above British Patent, which relates essentially 
to a loud-speaker having an annular diaphragm. 
The ring diaphragm D is made of non-magnetic 
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material, such as ebonite, and carries a cylindrical 
flange F. This flange is preferably attached to 
the ring diaphragm D by means of a strip of silk 
provided with a series of cuts to form tongues 
turned alternately to each side of the uncut portion, 
the tongues being attached to the flange by means 
of “ Bakelite ” varnish. The flange carries a coil C, 
through which the speech currents are passed ; the 
diaphragm D is attached to two concentric rings 
R and Ry, by means of some flexible material 1, 
such as rubber. The coil C carried by the flange 
F is, of course, immersed in a strong magnetic 
field. The method of communicating the vibra- 


tions of the diaphragm to the air in the sound 
conduit is rather interesting, and is also shown in 
the accompanying diagram. It will be noticed that 
the inner ring R; has attached to it a device B of 
symmetrical formation, which is shown in cross 
section. Some interesting points in the specification 
are that the weight of the conductor in the coil 
C should be of the same order as the weight of the 
diaphragm, or a little greater. It is also stated 
that the elastic material supporting the diaphragm 
should preferably be stretched to such a degree 
as to communicate to the air system when 
vibrating at a frequency of the order of 80, but not 
more than 150. It is stated that it has been found 
that if the flexible material is left flabby, thereby 
giving a very low natural frequency, the résponse 
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of the diaphragm for the lower musical tones is 
likely to be such that the diaphragm may touch 
The specification is very detailed, 
and describes several modifications of the diaphragm 


the pole pieces. 


and construction of the magnetic system. 


A DUBILIER LOUD-SPEAKER. 


(Application date, 27th October, 1924. 
No. 246,556.) 


A rather interesting form of coil-driven loud- 
speaker is described by The Dubilier Condenser 
Company (1921), Limited and A. Nyman in the 
The accompanying illustra- 
tion shows the arrangement of the loud-speaker, 
in which it will be seen that there is an upright 
permanent magnet M to which are attached 
cylindrical walls W provided with laminated pole 
pieces L. Around the permanent magnet M is a 
coil C which is energised from a source of direct 

The diaphragm D is fixed to a bell- 
portion B made of aluminium or other 
light metal. The mouth of the metal bell lies 


above British Patent. 


current. 
shaped 


between the end of the permanent magnet and 
another:.winding S arranged round the laminated 
pole pieces. Thus it will be seen that the bell- 
shaped portion B is traversed by a relatively 


NN 


LLLkds 


Ta 
po 


NNN 
SSS 


sNAARRAAN 


(CĈ 
w 


7 Ne A ERO OS, 
MTT, NINY, 


AMA 


#2 
‘400i | = 


D 
IILAN 


SGFSVLSUVSSLLSSLLTINISLPPELLSLSKi 


ZEON 


strong direct current magnetic field produced by 
the winding C. It will also be seen that if the 
speech currents are communicated to the stationary 
winding S the bell-shaped portion B will also be 
traversed by alternating currents induced by the 
speech currents, which will therefore cause the 
bell-shaped portion to move up and down, thereby 
imparting vibrations to the diaphragm D, which 
communicates with a sound conduit in the usual 
manner. 
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CONTROL OF FILAMENT CURRENTS. 


(Application date, 3rd November, 1924. 
No. 246,233.) 

H. Stevens and A. J. Stevens & Company (1914), 
Limited, describe a method of controlling filament 
current which is illustrated by the accompanying 
diagram. The filament circuit of a particular 
valve has included in it a resistance R;, which is 
Shown wound on a cylindrical former F. The 


Lu 
a 


KOS 


/ LA 
pir 


| 
| 


een 


ends of the resistance are connected to two"sockets 
S, on the front panel of a receiver. An additional 
resistance R, is mounted in an insulating tube T 
provided with pins which fit into the socket S. 
The resistance, which is permanently included in 
circuit, is intended to be suitable for use with dull 
emitter valves, and the resistance in the detachable 
tubelis such that when it is connected in parallel 
with the fixed resistance it is suitable for use with 
bright emitter valves. 


- 


COMPENSATING FOR DISTORTION. 


(Application date, 14th October, 1924. 
No. 245,839.) 

A very interesting method of compensating 
for distortion in low frequency amplifiers in which 
the successive valves are coupled by transformers 
is described by P. W. Willans in the above British 
Patent. Distortion in low frequency amplifiers may 
be due to three causes: first, the diminution of 
impedance of transformer windings at low audible 
frequencies, secondly, the drop in the impedance 
of the transformer at high frequencies owing to 
its self capacities, and finally, magnetic leakagé 
between the primary and secondary windings of the 
transformers. According to the invention, the 
distortion is compensated by employing reaction 
between the output and input circuits of the 
amplifying valves. The accompanying illustra- 
tion shows the broad idea of the invention, in 
which a valve is provided with a transformer having 
primary windings P and secondary windings S. 
The usual filament batteries are omitted from the 
drawings for the sake of clearness. The trans- 
former is connected so that the primary has its 
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windings in opposite sense to the secondary wind- 
ings; that is, the ends connected to the anode 
and the grid are substantially in opposite phase. 
An impedance is then connected between the 
grid of the valve and the secondary circuit of the 
transformer, the impedance being shown at Z. 
If this impedance is a capacity the result will be to 
reduce the effective self-capacity of the transformer. 


If it be an inductance the result will be to increase 
the effective self inductance of the transformer, 
thereby giving more amplification at the lower 
frequencies, If the impedance is composite, that is, 
comprising an inductance and a capacity, both 
the results will be obtained simultaneously. Again, 
if the impedance is simply a resistance the effect 
will be to increase the component of amplification 
in phase. Again a resistance in series with an 
inductance will compensate the effect of magnetic 
leakage. The exact nature of the impedance desired 
has to be found by experiment to suit the conditions 
of the transformer. The specification describes 
a number of similar modifications, in which an 
additional compensating transformer is connected 
so as to compensate for the effect of magnetic 
leakage. It is connected in series with the primary 
of the main transformer, the secondary being 
connected in the grid circuit of the valve. The 
illustration also shows an arrangement which will 
compensate for all forms of distortion likely to 
occur. The compensating transformer C, the main 
transformer PS and the compensating impedance 
Z will readily be recognised. The specification 
gives no indication of the desired value of the 
various components, which obviously have to be 
found by trial. 


KEYING TRANSMITTERS. 
(Application date, 13th October, 1924. 
No. 245,829.) 


A very interesting method of keying transmitters 
which should prove useful to the amateur experi- 
menter is claimed in British Patent No. 245,829 
by N. E. Davis and W. T. Ditcham. The novelty 
of the invention lies in including a resistance in 
the supply lead to an independent drive valve or 
intermediate amplifier, and keying the transmitter 
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by causing a sufficient voltage to be produced across 
this resistance which very materially lowers the 
normal potential of the independent drive so that 
the output from the last magnifier is either very 
considerably diminished or reduced to zero. The 
accompanying diagram illustrates the basic form 
of the circuit. The valve V, represents the last 
magnifier and the valve Vg represents an inter- 


n 
tuaj 


mediate magnifier, but the scheme may equally 


well be applied to the independent drive. The 
source of anode supply is at B, and it will be seen 
that the anode circuit of the valve V, is connected 
direct to this through the ordinary oscillatory circuit. 
The anode of the valve V,, however, is connected 
through its oscillatory circuit by a resistance R. 
The valve V, has its filament and anode connected 


a = Sx] Sa 
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across the generator and the top end of the resistance 
R. The value of the resistance is such that normally 
the potential applied to the anode of the valve 
Va is sufhcient for correct functioning. However, 
if a positive potential be applied to the grid of 
the valve V, the impedance of the anode filament 
space will be very considerably lowered. This 
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means that there will be a considerable potential 
drop across the resistance R, sufficient to lower 
the anode voltage of the valve V, to such a point 
that it ceases to amplify to any appreciable extent, 
or oscillate, as the case may be. This control is 
brought about by means of two batteries. The 
battery B, gives the grid a positive potential, and 
the battery B, connected to a resistance R, gives 
the grid a negative potential, the change being 
brought about by means of the key. The 
degree of control can be varied as desired merely 
by altering the value of the resistance R and the 
grid bias battery of the amplifier valves. 


A REINFORCED DIAPHRAGM. 


(A pplication date, 24th October,1925. 
No. 245,704.) l 

The construction of a loud-speaker diaphragm 
is claimed in the above British Patent by E. V. 
Mackintosh and C. French. The novelty of the 
invention lies in the reinforcing of a conical 
diaphragm. The diaphragm is composed of some 
light material of the nature of paper and is made 
in the form of a cone C, 
reinforced with strips of bam- 
boo B. The periphery of 
the cone is rigidly clamped 
to some material, such as 
bristol board R, while the 
apex of the cone A is 
attached to an electro-mag- 
netic system E. It is stated 
that the weight of the cone 
may be of the order of one 
ounce, and thata 12-inch cone 
rigidly clamped at the edge 
will vibrate at a frequency 
as low as 60 cycles. The con- 
ical diaphragm and the driv- 
ing mechanism is housed 
within a cabinet or container 
K provided with an opening 
O in front of the cone. 
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THE NEWEY CONDENSER. 


(Application date, 15th May, 1925. 
No. 246,362.) 

The Newey square plate condenser is described 
in the above British Patent by J. G. Newey and 
C. B. Jerred. The accompanying illustration 
should be sufficiently clear to illustrate the idea 
of the invention. It will be noticed that the 
condenser comprises two sets of square plates P 
designed to interleave with each other. The 
operating knob and dial are connected to a pinion 
G which engages simultaneously with two racks 
R formed on the end of sectors S. The two sets 
of plates are naturally insulated from each other. 
The lower half of the illustration shows the very 
low minimum capacity which exists in the zero 
position. it will be seen that on rotating the dial 
the pinion G will engage with the two sets of racks 
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R, thereby causing the plates to interleave, the 


increasing area of overlap being substantially in 
the form of a rectangle. 


A SPACED INDUCTANCE. 
(Application date, 18th October, 1924. 
No. 245,537.) 
Lord Egerton of Tatton describes the construction 


of a rather interesting coil former in the above 
British Patent. 
drical former F provided with a number of longi- 
tudinal V-shaped grooves V. Spacing bars S of 
triangular cross section are provided with grooves 
G, and the spacing bars are arranged in the 


The coil is built up upon a cylin- 


longitudinal grooves V on the cylinder, being held 


in position by pins P which pass through holes 
H in the centre of the bars. The inductance is 
wound over the first layer of spacers, the wire 
being held in the small grooves G. Another set 
of spacing bars is then placed over the first set as 


shown, and the second layer wound on. Two of 
the pins P are replaced by metallic connectors 
K, which serve the dual purpose of making con- 
nection with the ends of the coil and also holding 
two sets of spacing bars in position. "The specifi- 
cation also provides for the use of slightly different 
shapes of spacing bars. 
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Editorial. 


J, the Heaviside Operator, and 1/—1. 


N this number will be found a letter from 
[ou contributor, Mr. W. A. Barclay, 

advocating the use of the Heaviside 
operator in preference to 7 in alternating 
current calculations. We publish this letter 
because it deals with a subject of some 
importance about which very hazy ideas are 
entertained by many who would be very 
pleased to have their doubts removed and a 
little light thrown on the real meaning of 
these symbols which are championed by 
various authorities. In our opinion the 
change suggested by Mr. Barclay is merely 
a change of label without any change of 
principle and we fail to find in his letter any 
argument showing a real advantage of one 
method over the other. 

If any quantity, such as current or voltage, 
is assumed to vary according to a sine law, 
say for example c=é sin wt, a changing 
angle wt is immediately introduced and with 
it the conception of a rotating line, the pro- 
jection of which on some fixed plane is 
proportional at every moment to the varying 
quantity, although there may be nothing 
angular or rotating about the alternating 
quantity itself. The rotating vector idea 
is not something extraneous which may or 
mav not be dragged into alternating current 
calculations, for it is there immediately the 
word sinusoidal is used. It is more funda- 
mental than the sine wave. The rate of 
Change of the quantity is proportional to 


the rate of change of the sine of the angle, 
.€., to d/dt (sin wt) or, putting D for d/dt, 
to D stn wt, which is equal to w cos wt. As 
Mr. Barclay points out, 


D sin wt = 
D cos wt 


w COS wt 


and = —w SÎN wlt. 


By treating these as algebraic equations, 
and squaring and adding each side, it follows 
that D?=—w?. Another step, however, 
and the difficulties begin, for if 


D?=—w? then D?/w?= —I and D/w= V-I 


and therefore, instead of D sin wt=w cos wt 
we may write 1/—1 sin wt=cos wt, which 
is algebraically untrue, as can be shown 
by expressing the sine and cosine in the 
exponential form, viz. :— 


, eN ~i l eeN ~oj 
stna =. = ==m zo uamo 
2/-I 
NTI eeo: 
and COS a = - — kela | 
2, 


It will be noticed that this inconsistency 
has not arisen from the introduction of 
vectors nor from the use of 7 but from the 
application of algebraic methods to the 
formula D sin wt=w cos wt, Which is not 
really an algebraic equation. Let us explain 
what we mean by this statement. D is not 
a number or magnitude which can be multi- 
plied by another number or magnituĉe, but 
is a symbol showing that a certain operation 
c 
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is to be performed on sin wt, and this opera- 
tion is of a peculiar nature, depending not 
on the value of sin wt at the moment con- 
sidered, but on what it was a moment ago 
and what it will be a moment later.’ An 
indication of the impossibility of regarding 
this as an algebraic equation is given by the 
fact that when one of the factors on the 
left-hand side, viz., sim wt vanishes, the 
right-hand side has its maximum value. 
Nevertheless we agree with Mr. Barclay 
that the relation D/w sin wt=cos wt 1s a 
very useful tool; one might simplify the 
writing of it, however, by putting 7 instead 
of D/w, thus getting j sin wt=cos wi. 
Neither D/w nor 7 are mere numbers but are 
symbols of operation; the former placed 
before a sine wave is an instruction to take 
its rate of change and divide by the angular 
velocity, and the relation just established 
tells us that the result is equal to the cosine, 
or in other words, if D/w operates on the 
projection on the vertical of a rotating line, 
the result is equal to the projection of a 
rotating line of the same length go” 
ahead. In other words D/w applied to a 
vector rotates it go” in the direction of 
rotation, but many people prefer to use the 
simpler symbol 7 for this purpose. 

Throughout this article we use the word 
“ vector ” in the special sense in which it is 
usually employed in the graphical treatment 
of alternating currents. 

When applied twice in succession D'w or 
j rotates the vector through 180° and the 
projection on the vertical is equal and 
opposite to that of the orginal vector ; 
thus D w(D w sin wt) =—sin al. 

This is equivalent to multiplving the 
vector, or the quantity represented by the 
vector, by —I, and this tempts one to 
assume that a single operation is equivalent 
to multiplication by 1/—I and even to put 
D!w=j=1/—I1. This is only obtained, how- 
ever, by the unjustifiable assumption that 
Dw or j can be treated as an algebraic 
multiplier and that therefore D/wx D/wX 
sin wt=— sin wt, which is really meaningless. 
It is not surprising therefore that one arrives 
at the inconsistencies pointed out above. 

As a matter of fact 7 sin wt is every bit as 
real as sin wt, but since, in stating the hori- 
zontal and vertical components of a vector, 
it is necessary to label them in some wav, 
so as to indicate that only those of the same 
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kind can be added and subtracted, it is 
convenient to regard the label 7 as an 
imaginary quantity. When we write 
z=r+ 7x we mean that the vector z has a 
horizontal component r and a vertical 
component x; without the 7 before it x 
would represent a horizontal line which 
could be added arithmetically to 7, but 
with the 7 we know that x has been turned 
through go° in the anticlockwise direction 
so that r and jx are at right angles. There 
is nothing imaginary about it, except that 
many people use the word imaginary as a 
label for the vertical components and simi- 
larly the word real as a label for the hori- 
zontal components, since it is generally 
known that one cannot add real and imagin- 
ary quantities. If we write 7z=jr—x, we 
state that if we rotate the vector z through 
go” we get a vector with a vertical com- 
ponent y and a horizontal component —x. 
It must be emphasised, however, that we 
did not really multiply z by 7 in an algebraic 
sense, when we wrote 7z; what we did was 
to operate on z by turning it through go” ; 
similarly ĵ(jx) indicates the operation of 
turning the vertical line x through a further 
go” and thus giving the horizontal line —x. 
Hence this method is correctly known as 
the vector or symbolic method, but there 
appears no justification for introducing 
14/ —I or any other imaginary quantity. 
We will not deny that we have often made 
the mistake ourselves of saying let j=1/ —I 
when we really intended 7 to be a vector 
operator, nor will we give a list of the well- 
known writers who have fallen into the 
same error, but we will endeavour to avoid 
such confusion in the future. We may 
summarise our conclusions by saying that 


Dw sin wt = cos wt sie. 1) 
j sin wt = cos al (2) 
; eda — g` Je | 

Sina = —— ee ee 
a a (3) 
ja — ja 
cosa = ores (4) 


are all quite correct provided it be under- 
stood that 7 in (2) means something quite 
different to the 7 in (3) and (4). In (1) and 
(2) the D;w and 7 are symbols of operation 
on vectors, which if operating twice in suc- 
cession are equivalent to multiplication by 
—I, whereas in (3) and (4) 7 represents the 


— 


algebraic imaginary 4/—I. 
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Losses in Inductance Coils. 
The Need for a Standard of Efficiency. 


By S. Butterworth. 


LTHOUGH tthe general non-technical 
Aw of inductance coils is now prac- 
tically certain when he purchases a 
coil that he will get one which will tune in 
to the wavelength he requires, he has as yet 
no reliable means of forming any notion in 
regard to its efficiency. All he has to go by 
are the advertisers’ pamphlets setting forth 
the views of the designer in his more 
optimistic moods or such expressions as 
“ Maximum air space,” and “Try this 
coil on your set and notice the wonderful 
improvement in purity and quality!” 

The technical user can, of course, determine 
all the properties cf the coil if he knows the 
inductance, self-capacity and the resistance 
at the wavelength of operation, but, even so 
how many know what is a reasonable resist- 
ance to expect for any given coil? 

There is, therefore, a clear need for a 
numerical standard to safeguard the general 
purchaser and to enable him to form a fair 
estimate of what to expect in regard to 
increase in intensity on substituting a more 
efhcient coil in a normal receiving set. If 
such a numerical standard can be established 
it is also very desirable that its value should 
be given on every commercial coil. 

An outline will now be given of what the 
writer considers a feasible method of ar- 
riving at such a numerical standard. He 
recognises, of course, that there are alterna- 
tive methods, and thus the method sketched 
is only to be looked upon as tentative and is 
offered as a basis for discussion. 

The efficiency of the coil alone is con- 
veniently expressed by its Power Factor or 
the ratio of resistance to reactance at the 
operating frequency. The Decrement gives 
the same thing, being the Power Factor 
multiplied by 7, but the term “ decrement ” 
is a survival from the days when damped 
waves predominated. As applied to con 
tinuous waves, the term is meaningless. The 
reciprocal of the Power Factor gives the 
magnification of voltage across the coil with 
respect to the impressed voltage when in a 
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resonant circuit of zero external resistance. 
The advantage of the Power Factor is that 
it is fairly constant for a well-designed coil 
over the whole or its working range. But, 
except in circuits, such as wavemeter circuits, 
the coil is usually in series with a very 
appreciable resistance, and comparative 
values of Power Factors have therefore a 
tendency to exaggerate the virtues of highly 
efficient coils. It is preferable, therefore, 


to suppose the coil in a circuit having a . 


standard external resistance and to determine 
the voltage magnification when this circuit 
is tuned. l 

Since the capacities used in tuned circuits 
are usually of the same order, the standard 
circuit should have a standard capacity 
which is the mean of those normally used in 
a receiving set. This would imply that for 
each inductance there would be a normal 
wavelength at which the coil would be in 
tune with the standard capacity. 

To make the numerical standard carry 
with it a general notion of the order of the 
efficiency of the coil, the measured voltage 
magnification should be expressed as a 
percentage of a standard magnification 
which would represent the proper magnifica- 
tion to expect with a reasonably efficient 
coil. This percentage could be given some 
such name as “ Intensity Factor.” 

It is realised that we might manipulate the 
voltage magnification still further, as when 
the magnified voltage is impressed on the 
grid of a detector valve the resultant L.F. 
E.M.F. is proportional to the square of the 
voltage magnification and the final sound 
intensity to the fourth power, so that it is 
quite possible that some power of the voltage 
magnification would be more suitable. 

The essentials for the proposed “ Intensity 
Factor ” are that it should convey some 
immediate notion of the order of sound 
intensities to expect with different coils and 
that it should contain a recognisable relation 
to some reasonable standaid in this respect. 
The above mode of arriving at the Intensity 
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Coil. | No. 28 A.W.G. 32/38 a.w.G. Litz. 

Res. ohms. M. LR, Res. ohms. M. | LP: 
Loose basket weave nae | 6.3 | 46.0 99 | 3.0 52.5 113 
Single layer kii 6.6 45-5 98 3.5 51.4 110} 
Radial basket weave idi 7.65 43.8 94 3.65 51.0 IIO 
Narrow basket weave sis 10.4 39.8 854 5.4 47.5 IO2 
2-layer bank wound kis 10.6 39.5 85 43 49.7 107 
Honeycomb .. is vee | 14:5 35.0 754 5.5 47.4 102 
3-layer bank wound sii E e. 34.8 75 x.3 47.7 1024 
4-layer bank wound = 18.5 31.4 674 8.7 42.1 | gol 


Factor fulfils these conditions, and as it does 
not preclude values greater than 100 per cent. 
does not need to set an impossible ideal 
before the manufacturers. 


We will now examine how this system 
would work out in the case of coils intended 
for the broadcast range. 

A suggested standard value for the Power 
Factor of the coil alone over the broadcast 
range is 0.005, a value which should be 
possible for a solid wire receiving coil of 
reasonable size. 

The standard external resistance will be 
taken as 20 ohms as one has in mind a 
standard aerial circuit, and the standard 
capacity will be taken as 200upF. 


It is then readily shown that the standard 
voltage magnification is given by the formula 


Ms = 200/(1 + 56.6/L?.) 
and the normal wavelength by the formula 
Aya 26.7 Li; 
L is the inductance in microhenries. 


The following values hold for various 
inductances :— 
Microhenries. 
ki 50 100 150 200 250 300 350 400 
M; 22.2 30.0 35.6 40.0 43.6 47.0 49.6 522 


Metres. 
As 189 267 326 377 421 461 499 534 


For intermediate values the curves shown 
(Fig. 1) are useful. 


In the absence of an authoritative list of 
British coils the coils chosen for illustration 
will be those for which the tests are described 
in the Technological Paper No. 298 of the 
Bureau of Standards. All these coils have 
an inductance of 291 microhenries so that 
their normal wavelength is 455 metres, and 


the standard magnification is 46.5. The 
resistances at this wavelength and the 
deduced magnification (M) and intensity 
factor (100 M/M,) tor the coils are given in 
the table above. 


These coils are said to be fairly represen- 
tative of American coils in general. For 
details in regard to dimensions, etc., the 
reader is referred to the above paper. He 
should be warned, however, that No. 28 
A.W.G. iS roughly equivalent to No. 30 S.W.G. 
and 32/38 to 32/42. 


REMUENKZERNENNDO ZO 
kr —— 


NORMAL WAVELENGTH (As) METRES 
STANDARD MAGNIFIAGTION (Mz) 


o 100 = 200 300 400 
INDUCTANCE IN MICROHENRIES' 


Fig. 1. 


The Intensity Factors in the columns 
headed I.F. show that the assumption of a 
Power Factor 0.005 for a good solid wire 
coil at this wavelength is rather stringent but 
is not unreasonable. 

The table may be left to speak for itself 
in regard to the utility of the Intensity 
Factor as a numerical standard of efficiency. 


TT 
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A New Valve Rectifier. 


Inexpensive Accumulator Charging from A.C. Mains. 


By L. A. Sayce, Ph.D., M.Sc., A.I.C. 


shall be able to dispense with the lighting 

of valve filaments we shall have got rid 
of the chief inconvenience and expense of 
maintaining wireless sets. Until then, articles 
like this will continue to be written to point 
out how the trouble may be minimised. 

Charging accumulators from D.C. mains 
is a simple matter and is inexpensive, too, if 
the cells are connected in one of the mains of 
the domestic supply. When this supply is 
A.C., however, we have to fulfil two require- 
ments before accumulators can be charged 
satisfactorily: we must provide a trans- 
former to “step-down '” the voltage of the 
mains to a convenient figure, and a rectifier 
to supply a uni-directional current. 

The construction of a suitable transformer 
has already been described in this Journal, 
and rectifiers, both electrolytic and mechani- 
cal, have also been discussed frequently. 


IE the happy time ever arrives when we 


The rectifier panel. 


. Fig. 1. 


The present writer, after long use of both of 
these types, has, however, abandoned them, 
for accumulator charging, in favour of a little 
rectifier valve recently brought out by the 
Philips Lamp Co. (whose distributors in this 


[R355°55 


country are Messrs. Mullard Radio Valve 
Co.). This valve, the low price of which is 
not its least advantage, gives a rectified 
output up to 1.3 amps and can be run without 
attention for an indefinite period. 

The valve is pro- 
vided with two large 
anodes and a spiral 
filament requiring an 
E.M.F. of about 2 
volts to maintain it 
at the necessary dull- 
red heat. Ifa voltage 
much above 30 volts 
(R.M.S. A.C.) is 
applied between 
anodes and filament 
it “flashes over ” and 
becomes conductive 
in both directions. 
A “resistance lamp ” 
is therefore supplied 
foruse withthe valve, 
containing an iron 
filament which ren- 
ders the valve per- 
fectly stable because 
its resistance rises 
very rapidly with its. 
temperature. 

Fig. I shows a con- 
venient method of 
mounting the valve 
and its stabilising 
lamp. Both of them 
are made to fit standard valve sockets 
and two of the latter are fixed to an 
ordinary 6 in. x3 in. switch-block which is 
also provided with six terminals. Fig. 3(a) 
is a diagram of the circuit used and Fig. 3(6) 
is the wiring diagram. The valve, with its 
two anodes, could, of course, be used for 
full-wave rectification, but better results 
have been obtaimed by the circuit shown. 
It should be noted that the stabilising lamp 
has a centre tap to its filament. For the 
present purpose the two halves are con- 
nected in parallel and are represented as R, 


Internal con- 
struction of the rectifier. 


Fig. 2. 
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and R, in Fig. 3(a). S,isthe main secondary 
winding of the transformer. The iron bal- 
last resistance makes it unnecessary to have 
many tappings of S,. The writer uses two 
only : 20 volts and 30 volts, the tapping in 
use depending upon the number of cells on 
charge. S, is another secondary winding 
giving a voltage of 2 volts for lighting the 
filament. Once the valve has commenced 
to work, this winding can be switched off 
and the filament will be kept hot by the dis- 
charge. The filament will last longer, how- 
ever, if the filament current is left on con- 
tinually, for the discharge then takes place 


Among the Experimental Transmitters. 


telephony on 180 to 200 metres every Tuesday, 

Wednesday and Friday, after 23.00 G.M.T. and 
on Sunday from 9.30 a.m. to 12.30 p.m., and 
wishes to get into communication with British 
amateurs who, unless they can converse in French, 
are asked to speak very slowly and repeat their 
call-signs frequently. Reports will be welcomed 
if sent via M. J. Mahieu, Le Manoir, Peruwelz, 
Belgium. 

Apropos Mr. Mahieu's request, there seems to 
be a growing tendency on the part of transmitters, 
especially when working on telephony, to disre- 
gard the regulation that their call-signs should 
be announced three times at the beginning and 
end of each period of transmission. This neglect 
may possibly account for some of the ever-in- 
creasing complaints about the misuse of call- 
signs and it certainly prevents the transmitters 
receiving many valuable reports from listeners 
on the strength and quality of their signals which 
is, presumably, one of the main objects of experi- 
mental tests. | 


Te Belgian station BW5s is transmitting by 


The article on Long-Distance Work by Mr. Hugh 
N. Ryan (5BV), which appeared in our issue for 
February, has aroused considerable interest and, 
incidentally, has revealed a number of amateurs 


who-are also conducting experiments with a view to- 


determining the relation between signal strength 
and weather conditions. 


Mr. F. Weir-Mitchell, of the Government Radio 
Station, Maymyo, Burma, has, for some time 
been experimenting in this direction and would like 
the help of a few transmitting amateurs in various 
countries. As the monsoon season js shortly 
expected in Burma, these investigations will be all 
the more interesting and Mr. Weir-Mitchell will 
particularly welcome weather reports from all parts 
of the world; these should preferably be sent 
weekly. 
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along the whole filament instead of being 
concentrated at one place; and only a few 
extra watts are used. 


BALLAST RECTIFIER 
RESISTANCE VALV 


(a) (b) 


The circuit and wiring diagrams for half- 
wave rectification, 


Fig. 3. 
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Mr. R. Pollock (G5KU), 4, Glenhurst Avenue, 
N.W.5, is studying the fading effects at sunset and 
nightfall and for this purpose is transmitting 
simultaneously on 45 and 23 metres at 18.15, 18.45, 
19.15, 19.45 and 20.15 G.M.T. He will be glad to 
hear from any listeners who will co-operate in 
these tests. 

Mr. A. M. Houston-Fergus (G2ZC and MAG), La 
Cotte, La Moye, Jersey, is also conducting a similar 
series of experiments on 45 metres and will welcome 
reports especially from amateurs in London, N.E. ; 
England N.E. and E.; Scotland E., and England 
N.W. (north of Birmingham and west of Chester 
to Anglesey). 


We understand from correspondents in Holland 
that the postal authorities are taking active steps 
to discover and suppress unlicensed transmitting 
stations. Dutch amateurs have not hitherto 
received much encouragement from their postal 
authorities, a few licences have been granted to 
wireless societies and technical colleges, but indi- 
vidual experimenters have been unable to obtain 
transmitting licences and have, therefore, in many 
cases, installed unauthorised sets, their call-signs 
being distinguished by the initial figure “ o.” 
Several of these unlicensed sets have been traced 
through QSL postcards sent by amateurs in 
other countries and some well-known transmitters 
have had their sets confiscated. The unlicensed 
amateurs in Holland, therefore, ask all foreign 
co-experimenters to avoid correspondence which 
may bring trouble upon them. 


For new amateur call-signs allotted, changes of 
address, and general information on the subject of 
ORA's wanted or identified, we would refer readers 
to our weekly contemporary The Wireless World 
where this information is published as soon as it 
is received. 
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The Rugby Radio Station of the British 


Post Office. 
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Paper read by Mr. E. H. SHAUGHNESSY, O.B.E., before the Wireless 
Section, I.E.E., on 14th April, 1926. 


Abstract. 


HE paper gives a very complete 
description of the Post Office high- 
power station at MHullmorton, near 
Rugby. | 
After a short introduction, dealing with 
the general requirements of the station, 
choice of site, etc., the paper falls into three 
general parts: (1) Power Plant, (2) High 
Frequency Generating Valve Plant, and (3) 
‘Masts and Aerials. The first and third 
subjects are dealt with comparatively briefly, 
the greater bulk of the paper being devoted 
to description of the technical wireless side 
of the station. 
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Fig. 1“ shows tbe general layout of the 
site, masts, aerials, etc. 

Bulk supply of electrical power is taken 
from the system of the local supply company 
in the form of three-phase 50 cycle A.C., 


*The author's original figure numbers are 
adhered to throughout this Abstract. 
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and low tension D.C. supply. 


having an earthed neutral and 12,000 volts 
between phases. Duplicate cables are pro- 
vided from the company's local station ; the 
two-feeder cables terminate at the wireless 
station in a separate selector switch cubicle, 
which permits either or both cables to be 
connected to the E.H.T. alternating current 
switchboard. After considering the relative 
merits of machines as compared to mercury- 
arc, thermionic valve or other rectiĥers, it 
was finally decided to install motor-generator 
sets for H.T. supply to the valves. Main 
motor generator sets provide high-tension 
direct-current supply to the valves, two 
frequency converter sets are used for heating 


yy-out of the sit 


valve filaments, and two motor generator and 
booster sets are provided for batterv charging 
All power 
used other than that required for the main 
motor generators is supplied by two auxiliary 
step-down (12,000 : 416 volt) transformers. 
Details are given of the various machines 
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used, and of the wiring and protective 
devices employed. Diagrams (not repro- 
duced here) are given of the layout of the 
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was arranged so that it could be used as one 
large aerial or “be divided at the station 
building into two unequal parts for simul- 


Fig.8. The tuning-fork unit. 


power-house, and of the wiring of the motor- 
generator sets, control panels, etc. 

The high frequency plant was designed to 
use valves to be capable of giving an 
output of 500kW to the aerial. The aerial 
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taneous transmission on two aerials. The 
H.F. generating plant was accordingly 
arranged for such simultaneous transmission, 
but so far the smaller part has been reserved 
for experiments in transatlantic telephony. 
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A general external view of the transmitting building. At the left-hand side of the building. on the upper 

window, can be seen the lead-in’ for the aerial now being used for the telegraphic transmission. The 

lead-in for the smaller aerial now being used for the experimental transatlantic telephony transmissions 
is at the corresponding window at the other end. 
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The aerial immediately available for the 
telegraph transmitter is, therefore, the larger 
part erected on eight masts. It has a 
capacity of 0.003uF, with a resistance of 
0.7 ohm at 14kC and 1 ohm at 24kC. 
The combined resistance of the aerial and 
its tuning coil is slightly greater, being 1 ohm 
at 22kC. 

To maintain constant frequency, a tuning- 
fork system was used as a master control, 
such an arrangement having already proved 
successful at the P.O. Station at Northolt. 
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through three successive stages before it is 
delivered to the aerial circuits. The various 
stages are designed to deal with input powers 
of the order of 4kW, 50kW and 1,o00okW 
respectively, giving output powers of 2kW, 
30kW, and 540kW respectively. These are 
referred to as the 4k W stage, the Sok W stage 
and the “ power units ” respectively. The 
combination of the 4kW and the 50kW stage 
form an “ excitation unit.” These and the 
tuning fork units are provided in duplicate, 
and either tuning fork unit can be used with 


Photograph, taken from inside the building, showing the lead-in and also the inductance spiders. 


The valve-maintained fork has a frequency 
of about 1,800 cycles (adjustable within 
small limits), and the high frequency for 
controlling the main set is obtaimed by 
selecting the oth Harmonic by filtration. 
The frequency produced is remarkably con- 
stant, temperature variation being about 
I cycle in 10,000 per degree C. A small 
adjustable electric heater is provided to 
maintain a constant temperature in the box 
containing the fork. The general scheme of 
the fork and its immediate amplification is 
shown in Fig. 8, the complete unit shown 
being termed the “ Tuning Fork Unit.” 

The output from this unit is amplified 


either excitation unit, while either excitation 
unit can be used to drive the final stage of 
amplification which consists of a number of 
“power units.” All the stages and units 
are contained in high tension enclosures. 
All meters can be read conveniently, and 
such adjustments as are necessary while the 
power is on can be made from outside the 
H.T. enclosures. 

The final stage (i.e., the “ power units ’’) 
is not provided in complete duplicate. The 
power-station practice of having a number 
of units capable of being worked in parallel 
has been adopted, as it offers greater advan- 
tage in general flexibility. 
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The excitation units and the power units 
utilise the same H.T. D.C. supply. A simple 
arrangement permits this supply to be 
switched on to the 4kW stage, the 50kW 


H.F. choke ———-3 


/ 
Grid bias 


generator 


HT., D.C. supply 


274 EXPERIMENTAL WIRELESS & 

frequency circuits at the various stages are 
indicated by the thick lines. A particular 
characteristic of the circuits is the use of a 
single tuned circuit between one stage of 


H.F.chokeĝ Anode 
Li 


it |] 


] NM i 


Earth busbar 


Fig. 10. 


stage and the power units in use by the 
pressing of a single button on the control 
table at the same time assuring that all 
accessible units are ‘ dead.” 
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Fig. Io is a skeleton diagram of the circuit 
arrangements from the output of the tuning- 
fork unit to the aerial. The tuned high- 


50 kW stage 


amplification and the next, and the use of 
capacity coupling. An advantage of capa- 
city coupling is that a condenser provides a 
low impedance path for the harmonics 
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power 
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necessarily generated by a valve transmitter 


when operated as an efficient power amplifier, 
and thus-acts as-a desirable harmonic filter. 
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Fig. II is a schematic diagram showing The filament supply for the 4kW stage is 
the method of feeding the H.T. D.C. supply at 15-20 volts D.C., supplied by one of the 
through a selected excitation unit to the generators in the auxiliary machine roam. 
The supply for the 50kW stage and the power 
units is from 416 volts, three-phase, Ioo cycles, 
transformed down to the 20 volts required 
by transformers in the units themselves. 
A regulator maintains constancy, and the 
load is balanced between the three phases 
to reduce the effect of any periodic change 
of emission current due to the use of A.C. 
for filament heating. 

The 4kW stage utilises 600-watt glass 
valves. The 50kW stage utilises three water- 
cooled valves, similar to those of the power 
units. The inductances are wound of 
stranded wire on a framework of American 
whitewood, 243/36 s.w.G. being used for the 
4kW stage and 729/36 for the 50kW. The 
condensers are mica in oil. With each ex- 
citation unit is a remote-controlled auxiliary 
machine unit of one motor driving four 
generators for: (1) Anode supply for ampli- 
fication of tuning fork unit; -(2) filament 

One of the aerial spreaders in the cowse of supply of 4kW stage and for tuning fork 
erection, the relative proportions giving a clear unit (by means of potentiometer) ; (3) grid 
—— bias for 4kW and for 50kW stages; (4) grid 

power units. Three busbars run the length bias for power units. 
of the installation for the anode, grid and Five-power units are provided, each cap- 
filament respectively. To bring a particular able of an output of 180kW from eighteen 
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Fig. 13. 


unit into operation in parallel with others it 1IokW water-cooled valves made in England 
is only necessary to connect it to the busbars by the Western Electric Co. Three units 
by one 3-way switch, and to light the fila- are thus required for a 500kW aerial power 
ments by means of the switch for the unit. transmission, leaving two units spare. Two 
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transmissions of over 300kW could also be power units and excitation units. The three- 
undertaken by using two units for each, way switch for connecting a power unit to 
leaving one unit spare. Each power unit the busbars cannot be operated until gates 
consists of 18 valves in a rectangular enclo- on the sides of the units have been locked. 
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An internal view of the transmitting room. The control table is seen in the centre of the picture. 
The second engineer is standing beside the ‘‘ excitation units,” i.e., the 4kW and 50kW stages, as |described 
in this abstract. To the extreme left are some of the power units. On the right is the L.T. switchboard. 


sure, arranged with nine valves on each side Fig. 13 shows the wiring arrangement of 
and a front slate panel containing meters. a power unit. Reference is made to the 
The three busbars run above the various difficulty of using a large number of valves 
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A general view of the power units, where the busbars are clearly seen. 
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One of the power units with tts Bostwick safety gate 

open on one side. The handles of the filament 

Yheostat for each of the nine valves forming one side 

of the unit are seen above the gates, while eight of 

the valves ave visible in the photograph, with an 

overload relay below each. The coil behind the 
insulator is a rubber water pipe. 
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groups, the inter-electrode capacity of ad- 
joining valves or groups of valves forming 
the condenser of the oscillating circuit in 
association with the inductance of the leads. 
This difficulty is enhanced with water-cooled 
valves. The stabilising arrangements used 
in these units consist of: (1) Two small 
condensers of 400upF each, mounted on each 
valve between the grid and each end of the 
filament ; (2) aseries non-inductive resistance 
of 100 ohms between each individual grid 
and the grid busbar ; (3) the anode feed from 
the individual valves to the top water 
header (which acts as anode busbar) consists 
of a coil of 50uH in parallel with a non- 
inductive resistance of 60 ohms to the same 
header and a similar resistance to the 
bottom water header, the two headers being 
metallically connected at the end of the 
panel. 

Inter-oscillation between the power units 
is prevented by the devices shown in Fig. 13 
in the main feeds from the busbars to the 
unit. The combined anode is fed through 
a ‘‘ stopper ” consisting of IOOHUH in parallel 
with a resistance of 8.5 ohms. The com- 
bined grid is fed through a circuit of 5owuH 
in parallel with a resistance of 300 ohms 
formed by six straight-filament lamps in 
series. 

Details and illustrations are given of the 
safety devices and control circuits. A con- 
trol table suitably placed in the transmitting 
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Fig. 17. 


in parallel due to the tendency of the valves 
to ‘‘ self-oscillate,” either individually or in 


room contains all the essential controls and 


the most important meters of the wireless 
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transmitter. The control equipment com- 

prises :— 

(1) Press buttons to start and stop 
auxiliary machines. 

(2) Press buttons to start and stop air 

compressor for keys. 

) Press buttons for H.T. D.C. switch. 

) Switch to start distilled water pump. 

) Switch to start cooling-water pump. 

) Switch for main filament supply. 

) Filament supply voltmeter. 

) High tension D.C. voltmeter. 

) High tension D.C. feed ammeter. 

o) Ammeter reading H.F. feed current 

to main oscillating circuit. 

(11) Ammeter reading H.F. current in 
capacitative arm of primarv oscil- 
lating circuit. 

(12) Ammeter reading H.F. current in 
inductive arm. 

(13) Aerial ammeter. 


Apparatus terminating the landline from 
the C.T.O., London, is also on one side of 
the control table, with controls to the power- 
house on the other side. The duty engineer 
has therefore full control of the entire 
= from his position at the control 
table. 


The control table, the central sloping portion con- 
taining the switches and meters mentioned in this 
abstract. Tothe right of the table is seen the land-line 
apparatus and to the left is the apparatus for sig- 
nalling power requirements to the power house. A 
loud-speaker and wireless recorder also permit 
checking of the actual signals sent out from the aerial. 
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The coupled aerial circuit is then con- 


sidered. The use of a coupled circuit is 


emphasised for the reduction of harmonics,. 
and various types of circuit are briefly 


View of a Creed key and pilot keys. These are housed 


behind the 4kW section of the excitation unit. 


reviewed theoretically. The circuits of Fig. 
17 are stated to have been found satisfactory. 
Low decrements in both primary and aerial 
circuits being essential, it was necessary to 
provide the most efficient inductances, and 
condensers having very low loss. The 
economic and other considerations governing 
the choice of the electrical dimensions shown 
are briefly discussed. The condensers are 
mica, immersed in oil made by Messrs. 


Dubilier to P.O. specification. They have: 


a power factor of 0.00025 at the working 
frequency. The coils are wound of a cable 
of 6,561 strands of 36 S.W.G., each strand 
being insulated by enamel and one covering 
of cotton or silk. The coils are wound on 
frames of American whitewood, the cable 
being wound in slots on movable wooden 
spiders which are supported on rollers on 
the wooden framework. Relative movement 
of the spiders gives a variometer tuning. 
The aerial coil has 5 spiders each of 8 turns 
in the form of a hexagon with 7 ft. 9 ins. 
external sides; inductance continuously 
variable from goo to 4,000nH. The primary 
circuit coil has 3 spiders each of 4 turns in 
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the form of a hexagon of 7 ft. external side ; 


inductance 400 to 600uUH. The coupling 


coil has 2 turns 6 ft. 5 ins. external side ; 
inductance 40uH. 
‘same framework as the primary coil. 
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measured resistance of the entire primary 
circuit was 0.088 ohm at 16,000 cycles giving 
a decrement of 0.0053. That of the aerial 
inductance and coupling coil was 0.II ohm. 


It is mounted on the 
The 
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Keving is effected by the simultaneous 
operation of a simple make and break key 
at each of the three points marked X in 
Fig. IO. Creed pneumatic keys are used for 
“a” and “b,” and a magnetic 


the points 


a 


ce ,, 


relay key for point “c.” The latter two 
keys when open leave a condenser between 
the grid and filament. The condenser is of 
sufficient value to make the grid-filament 


Some of the inductances in the amplification stages. 
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impedance capacitative, counteracting any 
tendency to self-oscillation in the stage con- 
cerned. 

The following section on masts is brief 
(this subject having been dealt with in a 
recent paper before the Institution of Civil 
Engineers by Col. A. S. Angwin and Mr. T. 
Walmsley). The masts are 820 feet in height, 
and are of the stayed and pivoted type, 
insulated at the base. The pivot is 17 ft. 
above ground level ; below this are columns 
of porcelain insulators and a granite cube, 
the whole supported by a steel column. 
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Mica condensers, oil-immersed, which are being used at the Rugby station. 
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The earth system on the telegraph side 
consists of copper wire buried a few inches 
below ground and following the general plan 
of the aerial. An insulated counterpoise at 
16 feet height has been erected under the 
smaller aerial. 

Measurements of effective height of the 
aerial show that its value with the masts 
insulated is 1.22 times its value with the 
masts earthed. The former value is 607 ft., or 
78.5 per cent. of the mean geometric height 
of the aerial. A table of various measured 
values reveals a transmitter efficiency of 


The mica pattern is much less 


bulky than the condensers of aluminium plates immersed in oil formerly designed by the Post Office for use at 
Leafteld, and the adoption of the mica condenser has helped in the saving of space in the Rugby building. 


Brief details are given of mast construction 
and tests, with diagrams of base, stay 
anchorages, etc. 

The mast and aerial systems are arranged 
so that two separate aerials may be used or 
both combined to form one aerial. The 
general scheme is seen in Fig. 1. The larger 
aerial is supported on eight masts, forming 
in plan an elongated octagon. The smaller 
aerial is supported on six masts with two 
open arms. The arrangement permits the 
addition of four more masts if necessary. 

Aerial insulators are of the porcelain rod 
tension type, weighing 64 cwt., and tested 
to a pressure of 120,000 volts at 50,000 
cycles. The arrangement of the insulators 
is shown in Fig. 25. 


64 per cent. including filament and of 71-72 
per cent. excluding filament. 

A very brief note on the experimental 
telephony installation states that it utilises 
the “single side band” system. Good 
speech is received in New York during most 
hours of the day with 185 amps in the 
aerial. This installation may form the 
subject of a separate paper when reliable 
data have been collected over the period of 
bad atmospheric conditions. 


Note.—By way of supplement to the tech- 
nical description of the Rugby station, given 
in the foregoing abstract, the photographs 
included will be of interest to readers taken 
in conjunction with the diagrams and 
descriptions in the abstract. 
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DISCUSSION. 


The meeting was very largely attended, and a 
lengthy discussion followed the reading of the 

per. 
The discussion was formally opened by the Chair- 
man reading a communication from Dr. W. H. 
Eceles (Vice-Chairman of the Wireless Commission), 
who was unable to be present. Dr. Eccles referred 
to the excellent co-operation which had existed 
between the Commission and the Post Office 
engineers working under the author, and to the 
large detail of design work done by the engineers. 
The splendid operation of the station was a testi- 
mony to the value of the design work. 


A telegram was also read from Mr. L. B. Turner, 
a member of the Commission, regretting his absence 
through indisposition, and complimenting the 
author. 


Sir G. Wrightson (head of the firm erecting 
the masts), after referring briefly to early develop- 
ments of wireless, spoke of the smoothness which 
characterised the work of erecting the masts. 
Despite the heights involved, rio serious accident 
occurred. 


Mr. C. F. Elwell, comparing Bordeaux on arc, 
and St. Assise on high frequency alternator, said 
that the P.O. had anticipated valve practice in the 
design of the Rugby station. In the paper there 
was much to praise and little to criticise. He 
referred to the possibility in future design of fewer 
taller and more widely spaced masts with greater 
aerial pulls. He also discussed the work of main- 
taining small valves, and hoped for the possibility 
of one large valve with renewable parts to replace, 
say, all the valves of one of the power units. 


Capt. P. P. Eckersley congratulated the author 
on the absence of interference in the broadcasting 
band, and spoke of the high state of H.F. technique 
- in the Rugby station. With reference to tuning- 
fork control of frequency, the B.B.C. had actually 
used a 890 cycle fork as a drive for a relay station 
working at nearly one million cycles. He raised 
the possibility of omitting mast insulation and 
compensating the efficiency by increased ampli- 
fication. 


Mr. G. Shearing first referred to the large under- 
taking of valve transmission on the scale described. 
The Admiralty and H.M. Signal School had always 
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advocated valves for high power generation, and it 
was gratifying to see the results now described. 
Having regard to the advances of short wave 
communication, might not Rugby be the climax of 
long-wave high-power practice ? He also raised 
several points in connection with the power plant 
and other details. He believed rectifiers might 
have proved more advantageous than H.T. D.C. 
machines. Why was the filament supply con- 
verted to only roo cycles? Would not a higher 
frequency have been an advantage ? 


Mr. R. N. Vyvyan congratulated the author and 
his staff on the design of the Rugby station, but 
expressed his confidence in the short-wave beam 
system as the solution of transmission. 


Mr. Gibson discussed several points in connection 
with the use of distilled water for the cooling of the 
anodes. Higher electrical insulation with smaller 
loss was the first result, while undistilled water 
had also detrimental effects on the metal of the 
anode. He agreed with Mr. Elwell as regards the 
need for a larger valve, but considered a sealed-ott 
pattern was more desirable than one with replace- 
able parts, possibly necessitating continual pumping, 
on account of difficulties with traces of gas. 


Mr. Shaughnessy briefly replied to several of the 
points raised in the discussion. The height and 
arrangement of the masts was chiefly a matter of 
economics. As regards the valves, those used were 
the largest available, and the arrangement of the 
power units described permitted flexibility as regards 
the testing of any new types of valve that might 
be developed. As regards short waves he did not 
consider that there had yet proved sufficiently 
stable and reliable for systematic work. The use 
of machines for H.T. had the advantage of putting 
no keying fluctuation back on to the company’s 
mains, while the motor-alternator for filament 
lighting was used chiefly to take advantage of 
regulation by Tirrill regulators in the interests of 
constancy as compared with the fluctuations of 
voltage if a transformer had been directly used. 
As regards beam communication he hoped that this 
system might in the future do even more than was 
claimed for it. 


On the motion of the Chairman (Major B. 
Binyon) a very cordial vote of thanks was accorded 
to the author. 
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Laboratory Notes. 


Two Useful Devices Described. 


By E. Bainbridge Bell. 


receiving circuits involving the use of 

-frame aerials, where stray and unbalanced 
capacity effects are objectionable, the follow- 
ing two devices have been found useful :— 


(1) An Electrostatic Screen. 


In an air-core transformer with “ pancake ” 
coils, it is necessary to insert an earthed 
screen between the windings in order to 
make use only of electro-magnetic coupling. 
In order to avoid edgy current paths these 
screens have been made of thin metal sheet 
with many transverse slits. We have found 
the following a quick and easy way of making 
such screens :— 


A cylindrical wood former, say 4 inches 


|: the course of research on wireless 


in diameter, is covered with thin paper and 


closely wound with one layer 
of 26 D.c.c. wire. A strip is! 
bared along a generator of 
the cylinder and a strip of 
copper is then soldered to 
the wire where it has been 
bared. The whole is covered 
with a solution of celluloid 
in acetone and dried. The 
solenoid is cut along a 
generator of the cylinder, 
unwrapped and flattened 
out. The result is a flat screen with the 
eddy current paths limited to the diameter 
of a single wire. 


Fig. 1. 


(2) A Condenser Potentiometer. 


When using a frame aerial it is often 


necessary to equalise the capacity of each 
side of the frame to earth, and as the capacity 
of the two balancing condensers C,, (', 
(in series) (see Fig. 1) is in parallel with the 
frame and tuning condenser C, it is generally 
necessary to readjust the tuning condenser 
after adjusting the balancing condenser, 
a good balance involving several readjust- 
ments. 


[R387 and R381.5 


If, however, the two condensers C, C, are 
coupled together in such a way that 


| 1/C, + 1/C, 
is constant for any adjustment, retuning the 
condenser C is avoided. 


Where a large (1,000upF) adjustment is 
necessary, two “Polar” condensers are 
used. These have a law approximately 

C=ha—d 
when d is the scale reading and hk, a are 
constants. 

Two of these are connected by a coupling 
sleeve in such a way that as the spindle of 
one is turned through a given angle, the 
spindle of the other is turned through the 
same angle in the opposite direction. 

If d, d, are the angles through which the 
spindles gre turned, 

d, + d, = constant. 


Now €, = kia—ad, C= ka—d, 
= I = d, a—d, 
GO = p T 5 

— (d d. 
— A fa a) = constant. 


If only a small variation is necessary a 
“neutrodyne ’’ condenser made by Messrs. 
Bowyer-Lowe can be modified as follows :— 

The condenser consists of a fixed and a 
moving plate, the capacity being adjusted 
by moving one plate at right angles to 
itself by a screw motion. An extra fixed 
plate was fitted so that the moving plate was 
between the two fixed plates. 


The law of each condenser was then :— 


= k/d (where d is the distance between 
one fixed plate and the moving plate). 


If Ci = kid, and o = kd, : IC, +- C, 
= dl -+ d'k. 

Now d, + d, is constant. 

Therefore 1/C, + I/C. is constant. 
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Mathematics for Wireless Amateurs. 


By F. M. Colebrook, B.Sc., A.C.G.I., D.I.C. 


Introduction. 


HIS series of articles is intended for 

l those wireless amateurs who wish to 

understand their subject but find that 
they are seriously handicapped by a lack of 
mathematical knowledge. It will be as- 
sumed that they gave up mathematics when 
they left school, and have probably forgotten 
nearly all they ever knew about it. 

No doubt there are many amateurs in 
this position who are quite willing to be 
so and who even pride themselves on 
being “practical men” and not mere 
“paper merchants.” In so far as this is 
a genuine distrust of theorists and not a 
case of sour grapes, it will be sufficient to 
refer them to the history of the subject. 
There they will find that the so-called 
practical man is generally not nearly so 
practical a person as the wool-gathering 
theorist and mathematician. The story of 
the loaded telephone cable is a particularly 
good instance of this. 


Again, of those who realise the necessity 
of mathematics, there are probably many 
who are scared of the subject and convinced 
of their inability to tackle it. They mav 
think that theirs is what Oliver Wendell 
Holmes neatly described as the 24+3=5 sort 
of mind, as distinct from the a+b=c kind. 
But this partition, though real enough, is 
not an insurmountable wall, dividing man- 
kind into two classes. Given desire, enough, 
almost anyone can find the way over, for 
mathematics is really no more than the 
hitherto pedestrian faculty known as common 
sense trained in the use of its wings, and 
everyone has a certain amount of common 
sense. 

Finally, there may be those who think 
themselves too old to commence the study 
of mathematics. Actually this idea need not 
deter them at all. Plato recommended that 
no one should commence the study of 
philosophy, which included mathematics, 
before the age of twenty-one, and there is 
much to be said in favour of this view. 


[510 


Generally one starts too early, rather than 
too late, and risks acquiring a permanent 
distaste for the subject by so doing. 


Now a word about the scope of the series. 
As the title implies, it is proposed to deal 
with the subject from the special point of 
view of wireless amateurs. This means that 
particular attention will be given to those 
ideas and methods which are most likely to 
be of use to wircless amateurs. It does not 
mean that only these ideas and methods will 
be considered, because that would be 
impossible. Mathematics can be divided up 
into various branches, but no one of these 
is independent of the ideas embodied in the 
others. Much of what follows will appear 
to have no direct bearing on wireless tele- 
graphy, but the reader must be content to 
accept the fact that in these matters one 
cannot always see the end from the beginning. 
Take, for instance, the proposition that the 
area of the square drawn on the longest side 
of a right-angled triangle is equal to the sum 
of the areas of the squares drawn on the 
other two sides. At first sight this would 
not scem to have much to do with alternating 


` current circuits, but it eventually proves to 


have a verv close connection indeed. 


The series will be divided into five parts, 
according to the following rough classi- 
fication :— | 

Part I.—Elementary Algebra. 

Part II.—Plane Geometry. 

Part III.—Trigonometry, including Ele- 
mentary Hyperbolic Trigonometry. 

Part IV.—Elementary Differential and 

Integral Calculus. 

Part V.—Vectors, and their application 
to Alternating Current Problems. 


Each subject will be started right from the 
beginning. Moreover, the elementary part 
of each subject will be considered very fully 
and very deliberately. In mathematics, as 
in most other things, it is the first step that 
counts. Once the fundamental ideas are 
well and truly assimilated, the rest is easy. 


May, 1926 


Even for those who feel themselves to be 
alreadv well grounded, this return to the 
beginning will not necessarily be a waste of 
time, for memory, though a good servant, is 
also a presumptuous one and sometimes tries 
to usurp the place of understanding. 


PART I. 


ELEMENTARY ALGEBRA. 
1. Symbols. 


One of the most characteristic things about 
algebra is its appearance, and to a beginner 
it is certainly not prepossessing. In place of 
concrete and understandable numbers, to 
which we have learned to attach definite 
meanings, we are confronted with such 
things as 


at+b=c. 


The immediate and natural reaction is like 
that of the little girl who knew her tables 
up to twelve times and was asked what was 
three times thirteen—‘‘ Don't be silly. It 
doesn't exist.” The writer’s earliest recol- 
lection of algebra was precisely like that, 
which shows that the matter was not clearly 
explained to him, or at least not clearly 
enough. The whole point is that the letters 
of ordinary algebra are not really being used 
as letters at all. They are just symbols 
which stand for numbers, and it so happens 
that the letters of the alphabet are very 
convenient symbols to use because they have 
an agreed shape and known names. In 
addition, certain other symbols are used 
which are either a short way of making 
statements (for instance, the symbol “=” 
is only a short way of writing “is the same 
as ” or “ is equal to ”) or else instructions to 
do certain things with the numbers repre- 
sented by the letters. 


2. Algebra as a generalisation of Arithmetic. 


Bearing in mind the real character of the 
letter symbols used in algebra, we can under- 
stand this statement taken from Chrvstal's 
text-book. “ Ordinary algebra is simply the 
general theory of those operations with 
quantity of which the operations of ordinary 
arithmetic are a particular case. The funda- 
mental laws of this algebra are therefore to 
be sought for in ordinarv arithmetic.” This, 
then, let us proceed to do. 
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3. The Fundamental Laws of Algebra. 
(A) Addition. 

What do we really mean by the addition 
of two numbers in ordinary arithmetic ? 
It is a fascinating subject, and one is tempted 
to digress. Briefly—a number is a group 
of ones that we know by name. Adding 
two numbers means finding the name of 
the group which contains as many ones as 
the two groups put together. Thus we 
know (by memory now, but originally by 
trial with fingers or beans) that the group 
two combined with the group three has the 
same number of ones as the group that we 
have agreed to call ive. (There is no special 
magic about the name five. If we had called 
it John, then John would be the group 
containing as many ones as we have fingers 
on one hand.) 

The above example is an ideal case, 
concerned with pure numbers. In fact, 
some will call it metaphysical, but that will 
not make it any less important to understand 
it, nor any harder to understand. In prac- 
tice, however, we shall not be concerned with 
pure numbers but with numbers of things— 
volts, amperes, pounds, shillings and pence, 
cabbages or kings—and here we come to 
one of the most important rules in the 
whole of mathematics. 

Things can only be added together in the 
arithmetical sense if they are things of the 
same kind. 

For instance, three apples can be added 
to two apples, and the resulting group can 
be called five apples. But can three apples 
be added to two oranges? Yes, in the 
sense that they can all be put into the same 
dish, but the number five cannot be attached 
to the group—unless indeed you call them 
five fruits, but then vou are obeying the 
general rule, for you have obliterated the 
distinction between the two kinds of things, 
and have really added three fruits to two 
fruits; in other words, the things have 
been regarded as of the same kind. But 
obviously this can only be done if the 
distinction between the two kinds is 
unimportant for the purpose in mind, and 
in wireless problems this never happens. 

The above is the essence of what is known 
by the rather impressive title of “ The 
Theory of Dimensions.” It will be con- 
sidered more fully later on, but for the 
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present it will be enough to realise that if 
the working out of a given problem in 
wireless leads to the conclusion 


L+R=10 ohms, 


where L means some number of micro- 
henries and R means some number of ohms, 
then the result is wrong without any further 
consideration, because it adds together two 
numbers of things of different kinds and calls 
the result a single number of one of the kinds. 
Now we can go on to the finding out of 
the generalised rules of arithmetical addition, 
and the easiest way will be to fik on some one 
particular kind of thing that we can make a 
picture of either mentally or actually. 
Then, on the understanding that all our 
numbers, or symbols standing for numbers, 
mean numbers of this particular thing, we 
shall be obeying the fundamental rule about 
addition, and the conclusions arrived at will 
‘applv generally to any form of arithmetical 
addition. A convenient thing to choose will 
be a travel or a journey of, say, one inch in 
some definite direction, this direction being 
from left to right parallel to the bottom edge 
of the page. This may seem a curious 
thing to choose, but it will be found later 
that it is very suitable for finding out the 
rules about subtraction also, which are not 
so easy to understand as those of addition. 
Any number, say, three, of these things 
will mean three journeys of one inch added 
together, and since the adding of two journeys 
means starting the second from the finishing 
point of the first, this will be the same as a 
journey of three inches in the given direction. 
In general any number a will mean a journev 
of a inches in the given direction (Fig. I). 
Suppose now that the journey a is carried 
out in two stages, first a journey b and then 
a journey c, as shown in the upper part of 
Fig. 2. Then a can be described as the 
result of adding the journey c to the 
journey b, t.e., 
a=b+c. 
Further, it is clear that it does not matter 
which of the two journeys b or c is made 
first (lower part of Fig. 2), so that 
a=b+c=c +b. 
In the same way it will be just as easy to 
show that 
b+c+d=b+d+c 
=c+bh+d 
=d--c--b, etc., etc., 
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d being another journey of d inches added 
to the other two. The same idea could be 
extended to any number of journeys without 
alteration and we thus arrive at the second 
general rule about addition. 

A successton of additions will lead to the 
same result whatever the order in which thev 
are carried ont. 


(A.I.) The Use of Brackets. 
Returning to the statement 

a=b+c, 
this expresses the idea that the two journeys 
b and c can be considered as a single journey. 
Similarly, any number of journeys b, c, d, e, 
etc., can if desired be associated together 
and considered to be a single journey 


a INCHES 


Fig. 1. Representing the number a by a journey of 
a inches in a horizontal direction to the right. 


b+c+d+e +etc. Or, again, two of these 


- journeys can be considered as a single journey, 


if that is convenient for some particular 
purpose, leaving the others as separate 
journeys. When it is desired to consider 
any particular group of journeys (or numbers) 
as a single thing, that group can be enclosed 
between two brackets thus (c--d), and that 


=——Db INGHES——--Cc INOHES—— 


—— a ————ĜaE] = =—=————Ĵ ND 


-a INCHES ———al 
=—Q INOHES— -——_b INCHES———>- 
————— aG 

Fig. 2. Showing that a journey a can be made up 


of journey b and then journey c, or journey c first 
and then journey b. 


means that we will take this as a whole, 
without regard to the fact that it is actually 
made up of two parts. Thus the compound 
group of numbers a, b, c, d can be written 
in the form 

a+btctd 
or in the form 

a+b+(c+d), 
the c and d numbers being, so to speak, 
wrapped up into a single brown paper 
parcel. This is called the Law of Associa- 
tion for addition, though it is certainly very 
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difficult to see why it should be called a 
law at all, any more than the wrapping up 
of things in a brown paper parcel should be 
called the Law of Brown Paper. However, 
the idea of associating certain sets of numbers 
together by means of brackets is a useful 
one in practice.* 


(A.2.) The Addition of Double Groups. 


Before leaving this subject of addition it 
may be as well to return for a moment to our 
three apples and two oranges, because they 
can be used to illustrate a very important 
extension of the idea of addition, one which 
will prove useful in connection with alternat- 
ing current circuits. 

It has been shown that the group three 
apples plus two oranges cannot be expressed 
in any simpler form, since the two parts of 
the group cannot be combined in the sense 
of arithmetical addition. Two such double 
groups can be so combined, however. For 
instance, three apples plus two oranges 
combined with four apples plus six oranges 
can obviously be expressed as one double 
group, seven apples plus eight oranges, t.e., 
the two sets of apples can be added and the 
two sets of oranges can be added. To 
generalise this idea, suppose the letters 
a, b, c, etc., to represent numbers of apples, 
and the Greek letters a, 8, y, etc., to repre- 
sent numbers of oranges, and suppose that 
the working out of a problem concerned with 
these double groups of apples and oranges 
leads to the statement 

atatbtc—Bty=d—e 

Then the number d on the right-hand side 
must be the result of adding together all 
the apples on the left-hand side, and similarly 
the number ¢ must represent all the oranges 
on the left-hand side. The statement is there- 
fore equivalent to two separate statements 

a-b-c=d 

a +8 —y=( 

If this simple idea is thoroughly assimi- 
lated, the reader will find that he has got 
a firm footing in Vector Analvsis. 


(B) Subtraction. The Meaning and Use of 
the Negative Sign. 

The idea of subtraction in the ordinarv 

arithmetical sense Is one with life which 


*The associative law for addition is usually 
expressed: a+(b+c)=(a+b)+e. 


286 


EXPERIMENTAL WIRELESS & 


makes us almost painfully familiar. Return- 
ing to the ideal case, we know (by memory) 
that if two ones are subtracted or removed 
from a group of five ones, then what remains 
is the group that we have agreed to call three, 
and if the ones are, say, pounds, then our 
understanding of the process is intensified in 
some cases by its emotional associations. 
For a child, actually carrying out the pro- 
cess with fingers or beans, the matter ends 
quite definitely when all the five ones have 
been subtracted, and if he is asked to take 
away any more after that he will say, quite 
rightly, “It can’t be done.” Later on, 
however, he will be forced to acquire the idea 
of a negative number when he finds that 
seven pounds have been subtracted from his 
five pounds, leaving him with a debt of two 
pounds. Mathematically speaking he would 
now be said to possess minus two (—2) 
pounds, and assuming him to be an honest W 
man, he will realise that if later on he earns 
two more pounds, these must be set against 
his debt of two pounds, leaving him the 
possessor of exactly nothing. Expressing 
this mathematically, 
—2+2=0 


and since this is true whatever the magnitude 
of the debt and of the equal amount that has 
to be earned to set against it, 

—a+a=o 
where a means any number. 

This statement is the most general wav of 
saying what is meant by the negative number 
—a. It is that number which, when added 
to or combined with the positive number a 
makes the total result nothing. The actual 
or practical meaning of the negative number 
—a will therefore depend on, will in fact be 
in the sense indicated above, the reverse of, 
the meaning that we attach to the positive 
number a. 

The form of expression should be noticed 
carefully. The word “ subtraction ” does not 
come into it. We are actually going to deal 
with subtraction, but it will be found that 
when this operation is given the wider sense 
that it has in algebra it will be much clearer 
and more convenient to think of it as the 
combination or addition of positive and 
negative numbers. 

What is the meaning of the negative 
number —a in terms of the things or units 
that were used in finding out the rules about 
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addition ? The positive number a was shown 
to represent a journey of a inches to the right, 
and the negative number —a is such that 


—a+a=0. 
In other words, adding the number a to the 


~—— 4 INOHES ——e 


Ted Voj 


+a-a 
— —_—=—— p» 


Fig. 3. Showing how the number —a is represented 
by a journey of a inches in a horizontal. direction 
to the left. 


negative number —a cancels the effect of 
the negative number, t.e., brings us back to 
the starting point. This becomes quite 
intelligible if the negative number —a means 
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a journey of a inches to the left. In fact 
this is the only way to make in intelligibly 
consistent with the given meaning of +a. 
(See Fig. 3.) One of the most important 
rules of the negative sign now becomes clear. 
Applving the negative sign to the number a 
reverses the direction cf the journey of 
a inches which this number represents. 
Applving the negative sign to the number 
—a will therefore reverse it again, which 
brings it back to its original direction, t.e., 


——a= + @. 


Putting this shortly in words, minus minus 
is plus, and in signs 


— a 


Here we have a familiar acquaintance in 
academic dress, the familiar acquaintance 
being the phrase, ‘‘Two negatives make an 
afirmative.” 


(To be continued.) 


The photograph shows an American crystal controlled transmi ting set. 
(driven by the crystal) operates at 209.4 metres, and the fitth harmonic (41.88 metres) of this 
is amplified in succecding valves until the desired outtut is oblaincd. 


The master oscillator 
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Fading. 
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A Lecture delivered by Prof. E. W. MARCHANT, D.Sc., before the Radio 
Society of Great Britain, on 24th March, 1926. 


HE phenomenon of “Fading” of 
strength of wireless signals is familiar 


to most of those who use wireless sets, 
particularly to those who have tried to listen 
over long distances. These variations are 
due to very varied causes. A good many of 
the so-called fading effects are really due to 
variations in the receiving set itself. The 
batteries supplving the filaments of the 
valve, for example, begin to lose their charge, 
or the high tension battery may run down, 
or there may be a bad contact at some point 
of the set. I intend to speak this evening 
about the actual reduction in strength of the 
received signal due to causes outside the 
control of the receiving apparatus. The 
fading of signal strength at sea, as a ship is 
travelling over the ocean, has been observed 
frequently ; as the boat sails away from the 
transmitting station, the signals become 
weaker and weaker, but occasionally there 
are quite sudden variations in signal strength 
due to the fact that the vessel is passing 
behind ranges of mountain which screen or 
cast a shadow, in much the same way as an 
obstacle will obscure the beam from a light- 
house. Owing to the greater wavelength of 
wireless messages, the shadow that is cast 
by any obstacle is much less sharp than it is 
with a beam of light. The phenomenon of 
diffraction comes into play, and the beam of 
wireless waves gets round the edge of the 
obstacle in much the same way as a beam of 
light will get round the edge of a fine shit. 
There have been a number of cases observed, 
in which the signals have faded away com- 
paratively suddenly. This may be due toa 
mountainous island. One case quoted by 
Dr. Eccles, in a voyage that he made across 
the Pacific Ocean, was that when the ship 
passed behind such an island that lay 
directly in the path of the beam that was 
coming from a wireless transmitting station, 
the signal suddenly faded away to nothing. 
In some experiments with ships, Sir Henry 
Jackson showed that soft sandstone and shale 
clifis produce relatively little effect, the 
amount of absorption when the signals 


passed over land of this kind being such that 
about ŝo per cent. of the distance is covered 
as compared with the signals passed over the 
sea. With limestone containing a large prc- 
portion of iron ores, the signal strength was 
very much reduced, the distance covered 
when the signal passed over land of this 
kind being less than 40 per cent., and in 
some cases as low as 20 per cent. of the 
distance that the same signal would pass over 
the sea. He mentions one case of consider- 
able interest. The ship which was making 
the test was sailed close to an island of a 
wedge shape with a very steep cliff, the 
pinnacle of rock being extremely precipitous 
and jutting out from the mainland and 
rising abruptly out of the sea, so that the 
ship could pass close to it in perfect safety at 
a distance of about 100 yards. To ascertain 
the effect of this wedge-like construction, the 
ship was steered close to the land and the 
position was carefully noted when signals 
ceased or commenced. The result showed 
that the signals ceased and commenced 
abruptly at the moment when the aerial wire 
on the ship passed a tangent from the trans- 
mitting ship to the edge of the cliff, the 
action being exceedingly abrupt; at one transit, 
the part of the long dash in the letter F was 
the first indication of signals that was 
received, and in another transit in the 
opposite direction, the long dash of the F 
was the last received, the short being dropped. 
These results are unusual; as a rule the 
signals die away much more gradually. He 
quoted another case of waves passing through 
valleys. “These effects,” he says, “ were so 
marked and so frequently repeated that 
eventually the track of a vessel proceeding 
at a known speed could be roughly estimated, 
even when 25 miles away, by noting the 
intervals between the times when signals 
from it were lost and received, and comparing 
these intervals with the time taken by the 
ship to cover the distance between the valleys, 
through which the waves can evidently find 
their way with less obstruction than by any 
other route.” He summarised the screening 
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effect of rocks as being greatest with lime- 
stone containing iron ores, next with hard 
limestone and least with soft rocks. 

Screening due to rocks has been observed 
in the neighbourhood of Grenoble, and is due 
to the nature of the country. In this 
district there are very deep valleys of lime- 
stone and other rocks, and the broadcast 
messages are sometimes difficult to pick up 
on aerials at the bottoms of these valleys. 
A similar kind of effect is observed with the 
Cardiff broadcasting station. This station is 
near the sea and behind it is a steep cliff. It 
is the experience, I think, of most people in 
Liverpool that Cardiff is one of the most 
difficult broadcasting stations to pick up, 
although actually it is not so far away as 
London and Bournemouth. Variations in 
signal strength (due to this kind of absorption) 
are, of course, not observed with fixed 
transmitting and receiving stations, but 
the phenomena, are of interest, in so far as 
they explam the variation in strength that 
are observed with broadcast stations in 
different districts. The difference in the 
reception of two such stations may often be 
explained by obstructions that occur between 
the transmitting and receiving stations. 
For some reason Toulouse is very well 
received in this district, whereas Newcastle, 
as a rule, is not, and this, I think, is very 
largely due to the nature of the intervening 
land in the two cases. 

It has been suggested that the fading of 
signal strength is due to weather conditions ; 
although a great many measurements have 
been made at different times of the variations 
in the strength of wireless signals, there is 
no convincing evidence of any close relation 
between the state of the weather and signal 
strength. The only definite evidence of any 
such relation that I have observed, has been 
with signals coming over considerable dis- 
tances at night, in which it appeared on 
several occasions, that the signal was consider- 
ably increased in strength after heavv rain. 
lt seems as if the falling rain has “ cleared 
the air” tor the radio signals, in much the 
same way as a shower of rain will clear the 
air of dust or fog which obscures light waves, 
but there is hardly sufficient evidence to 
justify a generalisation on this point. When 
one deals with signals from longer distances, 
such as between this country and America, 
fading, as it is ordinarily understood, is much 
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more marked.” On some evenings, especially 
in winter, it is possible to hear American 
broadcasting stations quite clearly with an 
ordinary two-valve or three-valve receiver. 
This is not due to any remarkable qualities 
of the receiver, but is due to the fact that 
on these evenings the wireless atmosphere 
between this country and America is clear, 
and the waves come over at quite consider- 
able strength. Some days they will be quite 
strong ; the next day, when conditions appear 
to be very similar, the signal may be relatively 
weak, and this is more marked on broadcast 
wavelengths than it is on the longer wave- 
lengths that are used for commercial trans- 
mission. If one is listening to such broadcast 
reception, the strength of the message may 
vary within wide limits, at one instant it 
will be quite strong, at another instant it. 
will fade away to nothing, and sometimes 
this “ fading ” goes on continuously. The 
effect is something like what one observes 
occasionally with sound. A bell is tolling 
in a church tower, in the distance; at one 
instant, one hears the sound quite clearlv, 
the next instant it fades away and then it 
comes on quite strongly again. In the case of 
a bell this effect is generally due to variations 
in homogeneity of the atmosphere, and the 
cause of wireless fading, although it is over 
much greater distances, is probably lack 
of homogeneity of the transmitting medium. 
The amazing thing about these wireless 
signals is that they do travel over such 
great distances as between this countrv and 
America. If one looks at the map of the 
world, it is evident that there is a great 
mountain of water between these two places, 
round which any beam, which travels in 
straight lines, could not be expected to 
pass. ltis now generally agreed that thev 
are reflected across these long distances by 
an upper layer of the atmosphere which acts 
as a sort of mirror to these ravs. This upper 
laver consists of air at a fairly low pressure. 
When the pressure of air in a vacuum tube 
is diminished, its conductivitv increases, and 
there is a certain pressure of air which makes 
the conductivity a’maximum. As one goes 
up into the atmosphere, therefore, and as 
the pressure of air gradually falls, the con- 
ductivity of the air will graduallv increase 
until, at a certain height (it ts in the neigh- 
bourhood of 80 kilometres) the conductivity 
of the air reaches a maximum, and has a 
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value approaching that of sea' water. Such 
a layer of air will act as a reflector for electro- 
magnetic waves of long wavelength, and in 
dealing with the transmission of signals 
across the Atlantic, one can regard this 
upper layer as a mirror against which the 
waves will strike and be reflected downwards. 
The simple theory of the mirror can be 
worked out in just the same way as that of 
two parallel glass mirrors, but if one assumes 
a height of the laver of only 80 kilometres, 
it is not difficult to see that there may be a 
great many reflections from the surface of 
the layer and the surface of the sea, before 
a wave can traverse 3,000 miles across the 
Atlantic. Although this theory offers an 
explanation of the transmission it is not a 
complete explanation. 


Dr. Eccles, some years ago now, in studying 
the passage of electro-magnetic waves through 
an 1onised atmosphere, showed that if the 
wave travelled through a space in which the 
ionisation, or conductivity, varied, that the 
velocity of the waves in the more strongly 
lonised atmosphere was greater than it was 
when the atmosphere was weakly ionised. 
In considering fading, therefore, which is 
intimately bound up with the action of the 
Heaviside laver, we shall have to think about 
ionisation. The ionisation of the ordinary 
atmosphere is brought about through the 
agency of sunlight. When sunlight containing 
ultra violet light passes through air, it renders 
it conducting—in other words, it ionises it. 
When the light wave strikes the molecules 
some of them split into positive and negative 
ions and these ions will float about in free 
space, travelling sometimes over considerable 
orbits, in much the same way as a cloud of 
dust or fog in the atmosphere. If a positive 
ion strikes a negative ion it will combine 
with it to form an uncharged molecule, and 
if the ultra-violet light ceases, the ionisation 
will rapidly disappear and the positive and 
negative ions combine with each other and 
form a neutral atmosphere once more. The 
negative ions are more mobile as a rule than 
the positive ions. Although, perhaps, it is 
a little difficult to appreciate the exact 
mechanism of the transference of an electro- 
magnetic wave through an ionised space, one 
may gain some conception of it by imagining 
that when the electro-magnetic wave passes 
through the ionised atmosphere, the ions 
allow the electric force to operate more 
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quickly and so permit the wave to travel 
with greater velocity. If one considers the 
nature of the ionisation of the atmosphere, 
this ionisation will be stronger in the upper 
regions than it is lower down, the ionisation, 
I have already explained, depends on the 
amount of ultra-violet light that there is in 
the atmosphere and the further one comes 
towards the surface of the earth, the less 
strongly ionised the atmosphere will be. It 
follows, therefore, that a ray starting out 
from a transmitter that is going into the 
upper regions of the atmosphere, will be bent 
round gradually, owing to the fact that the 
rays that are travelling along the upper 
regions of the atmosphere will go faster than 
those that are going along the surface, and 
1f the ionisation of the atmosphere varies, the 
wave front may be bent so as to travel along 
an arc of the earth's surface Instead of in a 
straight line. In long distance transmission. 
it has been shown that the attenuation or 
dving away of the waves depends far more 
on the upper layers of the atmosphere than 
1t does on the ground. 


The strength of the reflected rav, except 
at night, will be relatively „weak over 
short distances on account of the absorption 
of the rays by the ionised layer of air in the 
upper parts of the atmosphere. It is evident 
from the nature of the transmission that has. 
been outlined above that there is likely to 
be great variation in the conditions of 
signalling and, therefore, that the strength 
of the signal that is received is likely to vary 
within wide limits. The upper atmosphere 
may possible be less liable to rapid variations 
in form than the lower atmosphere, as the 
upper atmosphere is farther from the irregu- 
larities on the earth's surface. At the same 
time, it is difficult to believe that the con- 
ditions in the upper atmosphere are quite 
constant. One has onlv to look at the skv 
on a windy day to realise how rapidly the 
conditions, even at a height of several miles, 
are varying. It is, therefore, extremely 
unlikely, that even at very high altitudes, the 
ionic conditions in the upper regions of the 
atmosphere will be so constant that the 
refractions and reflections which are neces- 
sary if signals of appreciable strength are to 
be received, will remain absolutelv constant, 
and with these facts in one’s mind, it 1s not 
at all difficult to explain the variations when 


‘American broadcast, for example, is being 
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received. The remarkable thing about these 
receptions is that they are as constant as 
thev have actually proved to be. Sometimes 
during the winter, American reception mav 
remain almost as constant for an hour or 
two as reception from a broadcast station, 
sav in Manchester, but on the other hand, it 
mav vary within wide limits in a few minutes. 
One can imagine the swirling masses or 
clouds of ionised air which are responsible 
for these variations in signal strength. The 
most astonishing fact that has come out 
during the last two or three years has been 
the wonderful ranges that have been obtained 
with short waves. A number of tests made 
bv Austin, the head of the Washington 
Radio Research Department, some years ago, 
led to the establishment of what is called 
the Austin-Cohen formula, by which the 
strength of the electric wave that was 
received at any distance from a trans- 
mitting station could be estimated. The 
strength of the electric wave is measured in 
terms of the electric field that is produced at 
the receiving station by the wave, in micro- 
volts per metre on the receiving aerial. In 
the Austm-Cohen formula, a factor was 
introduced which takes account of absorp- 


ad 
tion. This factor was of the forme” yx° 


The value of a has been determined by a 
great many experimenters. The figure for 
a that is usually taken is 0.002, d and A 
being measured in kilometres, but it varies 
in different parts of the world. Now it will 
be seen in this formula that the greater the 
‘distance, the more the wave will be absorbed, 
that is, the larger becomes the value of the 
absorption factor. This, of course, is as one 
would expect, because the longer the path 
through the absorbing medium, the greater 
the amount of absorption will be, but the 
absorption is not simply proportional to the 
‘distance, it is proportional to the exponential 
£ raised to a power which depends on the 
distance, d, so that the absorption at a 
distance 24 will be more than twice as great 
as it would be at half the distance, the 
relative amount of absorption for the two 
distances depending on the value of the 
absorption factor. It is also evident that 
the absorption will be greater with shorter 
wavelengths, for example, if one has, say, 
to transmit over a distance of 1,000 kms. and 
A=4 kms., the absorption factor will be pro- 
portional to «~59 —¢-1 if a = 0.002, and 
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it is evident from this formula that if vou 
take a distance of 2,000 kms. and a wave- 
length of 16 kms. that vou will get exactly 
the same amount of absorption. The formula, 
in other words, indicates that the longer the 
wave, the more suitable it is for long distance 
transmission. From this formula it would 
appear that to try and use short waves for 
long distances was hopeless: for example, 
if one were to reduce A to, sav, IO metres, 
that is o.or of a kilometre, instead of using 

= 4 kms., the absorption factor would 
be increased to «710.0002 = ¢-29 and the 
strength of the received wave = 5/108 of its 
unabsorbed value over a distance of 1,000 
kms. instead of 1/2.7, which would be the 
value for the longer wavelength. To the 
surprise of everyone, it was found that when 
using wavelengths of 100 metres or less, it 
was possible to hear speech right across the 
Atlantic. I believe the first person who 
ever heard speech across the Atlantic was a 
man in Aberdeen, who heard a telephone 
message which was being broadcasted from 
some station in New York. 


A good many people doubted the accuracy 
of his observation, but since then, during the 
winter months of 1924-25, a great many 
radio observers listened to broadcasts that 
came direct from America, and as you all 
know, the-B.B.C. have actually transmitted 
from their broadcasting stations some of the 
music that has come right over the Atlantic 
on these short wavelengths. That was, of 
course, a very surprising result and indicated 
that the Austin-Cohen formula had very 
rigid limitations, in fact that it was onlv 
applicable with long wavelengths of the 
order of kilometres and upwards ; but what 
is perhaps the most surprising result of all 
is the discovery which was primarily due to 
amateurs, who had been relegated to -wave- 
lengths from 100 metres downwards, .that 
with wavelengths of only 10 to 30 metres, 
extraordinarily long ranges can be obtained. 


It has been shown that it is possible to 
transmit messages all over the world on 
relatively small powers with short waves. 
These signals are, however, liable to very 
wide fluctuations in strength ; “ fading,” in 
other words, is verv marked. There has 
been verv little intormation published as to 
the variations in signal strength between this 
countrv and America, with the short waves 
that are to be used in the beam svstem of 
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transmission, but there seems no doubt that 
the range of variation is much wider than it 
is with longer waves. In American trans- 
missions, it 1s not unusual to get variations 
In strength of the order of 20: 1 on different 
days, and for shorter waves the range of 
variation is probably several hundred to 
one. One of the most interesting cases of 
fading is due to interference between the 
waves which are reflected from the Heaviside 
layer and those that travel direct over the 
surface of the ground. 

In some experiments made last January 
(1925) by Appleton, the cause of fading was 
investigated in a very interesting way. The 
experiments were made at Cambridge, which 
is about 50 miles from London. It had been 
noticed on many occasions that the broad- 
cast signals received from 2LO varied a good 
deal after sunset. These variations were not 
very large, about 5 per cent. or thereabout, 
but they were nearly always present. Now 
it may easily be seen that if these variations 
are due to a reflected ray from the Heaviside 
layer arriving at the receiving station at a 
sharp angle with the earth’s surface, that the 
variations observed on a vertical wire will 
depend on the angle at which the waves 
come down. 

There will be a combination of two waves, 
one coming direct, which can be called 
E sin wt, and the other one coming in at 
an angle do which will be given by e sin 
(wt — 6) cos ¢. 

The sum of these will give a resultant 
measured current in the aerial which will 
be the mean value of [E sin wt + e sin 
(wt —6) cos d]?. This gives E?-p2Ee cos 9 
cos 0+ e? cos? ĝ. 

Since e is very small compared with E the 
variations may be represented by 2Ee cos ¢ 
cos 6. 

If 0=0 or mz, the variations will be a 
maximum, but the actual variation will vary 
according to the difference in length of the 
two paths. The ray will be reflected from 
the earth on which it strikes and the variation 
in signal due to the reflected ray will be 
double that due to the incident ray. The 
variation in strength of the wave will, there- 
fore, be -L4Ee cos ĝ cos 8. 

Now, if the signals are observed, not by 
an aerial, but by a loop in the plane of the 
incoming wave, the magnetic field due 
to the direct ray may be represented by 
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H sin wt and that due to the reflected ray by 
h (sin wt — ġ). The resultant effect on the 
loop will, therefore, be proportional to 
H2+-2hH cos 0 or allowing for reflection from 
the earth’s surface, the actual variation will 
be 4hH cos 8. If the two circuits connected 
to the loop and the aerial are so adjusted as 
to give the same strength of signal on a 
receiver containing a gealvanometer, the 
variation in galvanometer deflection with 
the aerial and loop respectively may be 
used to determine the angle at which the 
reflected ray strikes the earth. The ratio 
between the variation with the loop and 
with the aerial was carefully observed ; 
it varied within wide limits, but the greatest 
number of observations gave as the value 
of the ratio, Loop : Aerial=2.6. This gives 
a value of the angle between 60° and 70°. 

Knowing the distance between the two 
stations a calculation can easily be made of 
the height at which reflection takes place 
and this comes to about 80 km., a height 
which agrees fairly closely with the value 
estimated by atmospheric conditions. Pro- 
fessor Appleton has gone a step further, and 
from the extent of the variations has made 
an approximate estimate of the reflection 
coefficient or the ratio of the strength of the 
reflected ray to the incident ray, and finds 
that it varies between 2 per cent. and 0.07 
per cent. With a layer of this kind of 
varying nature, it is to be expected that 
there will be quite large variations in the 
reflecting power of the layer. The bending 
or refraction by the layer is brought about 
by the ionisation of the atmosphere, the 
more strongly the layer is ionised, the more 
the rays are refracted, the actual path of 
the ray through the lower ranges of the layer 
being curved; where the air is only slightly 
ionised the coefficient of refraction is re- 
latively small; the higher up one goes the 
more strongly is the air ionised and the 
greater the coefficient of refraction becomes, 
until a point is reached where the ray travels 
parallel to the surface and is then gradually 
bent down once more. 

These results were confirmed by some 
experiments that were made between Bourne- 
mouth and Oxford. The wavelength of the 
station at Bournemouth was varied con- 
tinuously between limits of 385 and 392 
metres. If one assumes there is a reflecting 
layer at a height of 80 kilometres, it may 
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be shown that there will be four minima at 
a particular point due to interference. This 
was the extent of the variation that was 
actually observed. In another test the 
wavelength was changed from 385 to 395 
metres, the average number of maxima and 
minima observed was 7, which again 
corresponds with the same height of layer. 

It is interesting to note that subsidiary 
maxima and minima were noted on the 
galvanometer while these changes were 
going on, which appears to indicate that 
there may be multiple reflections, that is, 
that the ray between the transmitter and the 
receiver may be reflected, first from the 
Heaviside laver, then upwards from the 
ground, and then down again by the Heavi- 
side layer. The number of fringes that 
would be produced by changing the frequency 
over a given range would be approximately 
twice as great as it would be with one 
reflection. 

Quite recently, Mr. Hollingworth, who is 
working in connection with the Radio 
Research Board, has been able to trace out 
interference bands (due to the St. Assise 
station working on wavelengths of about 
I4,000 metres) in going from the South of 
England to the North. If one considers the 
signal received at any point A on the earth's 
surface, from a transmitting station T, it is 
easy to see that there will be a series of 
points A,, Áa, A;, at which the difference in 
path by way of the Heaviside layer to that 
going direct along the earth's surface will 
be a half wavelength, or an odd multiple of 
half wavelengths. It is easy to work out the 
distance between these points if one knows 
the height at which the reflecting layer is, 
OT vice versa. 

Mr. Hollingworth made a number of tests 
with a portable receiver with which he was 
able to measure the strength of signal 
received at different points. He made a 
motor tour from London to Aberdeen, making 
measurements at various points on the way, 
these measurements being taken in the summer 
when daylight conditions are steadier than 
they are in winter, and it was possible to 
obtain a record of maxima and minima. 
These results were published before the 
Wireless Section of the Institution of Elec- 
trical Engineers about six weeks ago. He 
found that at a distance of 400 kilometres 
there was a definite maximum in the signals 
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from St. Assise, and at a distance of about 
7oo kilometres, that is, in the neighbourhood 
of Manchester, there was a definite minimum, 
and at Aberdeen the signals were about 
twice as strong as they were at Manchester. 
It is easy from these results to estimate the 
height at which the Heaviside layer should 
be, and it is estimated from these results to 
be about 70 kilometres. 

Another observation which is of consider- 
able interest is the variation after sunset. 
As a rule, signals will increase in strength 
immediately after sunset and then vary 
throughout the night within fairly wide 
limits. In some of the observation stations 
of the Radio Research Board, it was found 
that the signals immediately after sunset 
diminished appreciably in strength, then rose 
again until the night strength was verv 
nearly equal to the day strength. One can 
easily explain these results by imagining 
that, as daylight passes, the height of the 
Heaviside layer is gradually raised. The 
state of ionisation of the atmosphere will 
clearly vary from day to night, the air being 
ionised at lower levels in the day time than 
it is at night, and observed results are quite 
consistent with this theory. In some ex- 
periments made in Liverpool many years ago, 
we found that the sunset effect was not by 
any means constant. On some days there 
was a very considerable increase in signal 
strength after sunset, on others, there was 
little or no variation, and it was noticed that 
the sunset effect was different in different 
places. All these effects are explained if the 
sunset effect 1s due to interference, and the 
variations observed may be due to the 
alteration in the height of the reflecting layer. 

It is sometimes observed that very small 
variations in the length of the wave given 
out from a transmitting station produce large 
changes in the strength of signal at a given 
place (a phenomenon which has been used 
by Appleton in the experiments already 
described), for example, if any point 
corresponds with a dark patch for one wave- 
length it would not correspond with a 
dark patch for a slightly different wave- 
length, and when there is interference, 
there may be large variations in signal 
strength for relatively small variations in 
wavelength. This phenomen was noted 
many years ago with the transatlantic 
signals, it was found that towards sunset 
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signals became very weak on one wavelength 
but much stronger on a slightly different 
wavelength, and after sunrise, the two wave- 
lengths produced opposite results, that is, 
the wavelength that had given a weak signal 
now gave a strong signal and vice versa. 


In a paper by the author before the 
Radio Society of New York, published in 
I9I5, this question was dealt with at some 
length and theory of interference bands due 
to multiple reflections worked out. 


Another effect that is produced by reflec- 
tion from the Heaviside layer is that the 
polarisation of the wave may be altered. 
Those of you who are familiar with polarisa- 
tion of light know that when plane polarised 
light is reflected from a magnetised surface 
the plane of polarisation may be rotated, 
and the same thing seems to occur with the 
light that is reflected from the Heaviside layer, 
with the result that the resultant beam that is 
observed on the earth's surface is elliptically 
polarised. Some most interesting results 
on this subject, that have been published 
recently, are included in a paper that was 
read by Captain Round and his colleagues 
before the Institution of Electrical Engineers 
last October. These investigators set out in 
the steamship Dorset and sailed to New 
Zealand and Australia via the Panama Canal, 
observing the variation in signal strength all 
the way. When thev reached Australia, 
they made a number of observations outside 
Melbourne at a place called Kooweerup. 
When one is nearly on the other side of the 
world, the signals from a transmitting 
station may go round in either direction, 
and the direction in which one receives them 
depends on how much of the path along 
which they travel is in the dark or in the 
light. Signals travel most easily in the dark 
and, therefore, when the dark part of the 
earth's surface is between the transmitting 
station and the receiving station, the signals 
would go along it. Twelve hours later, 
when the part of the carth’s surface which 
was dark has become light, the signals will 
come the other way round. For instance, 
in Australia these observers found that when 
the dark shadow over the earth lays between 
Melbourne and England, and included Africa 
and India, that signals from the Eiftel Tower 
appeared to come from the north-west ; 
twelve hours later, when the dark shadow 
over the earth was on the opposite side of 
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the hemisphere, they came from the south- 
east. At the time when the amount of 
darkness along both paths was the same, 
there was sometimes interference and large 
variation in signal strength due to the two 
signals coming opposite ways round the 
world not arriving in exactly the same phase. 
It is evident that if there are very slight 
variations in frequency of the emitted 
signals, there is liable to be a large fluctuation 
in the signal strength due to these inter- 
ferences. AS was recently mentioned in 
the description of the Rugby Station, the 
frequency at which the signals are sent out 
is maintained by a tuning fork and, therefore, 
variation in frequency of the emitted waves 
is likely to be negligible. This should prove 
most advantageous when listening to signals 
on the other side of the world. 

The most remarkable changes in strength of 
signal occur at periods round about sunset 
and sunrise at the transmitting and receiving 
stations. In some of the figures given bv 
Captain Round observed at Kooweerup, the 
signal increased from a very small amount, 
less than 10 microvolts per metre, up to as 
much as 140 microvolts per metre, at the 
time when there was sunrise at Melbourne 
and just after sunset at Carnarvon. In some 
of these observations, the signal strength 
decreased from 150 microvolts per metre 
down to 40 microvolts per metre in a period 
of less than twenty minutes, which will, of 
course, give a very big fading effect. From 
the point of view of broadcast reception, 
fading is a thing to be avoided, but, as I have 
said, it is quite beyond the power either of 
the transmitting station or the receiving 
station to get rid of it. I hope, therefore, 
that those of you who have been listening to 
American broadcasts, and to the broadcasts 
that have been relayed from various parts of 
Europe, will feel a little more sympathetic 
to the B.B.C. than perhaps you have been 
apt to do when the transmissions are verv 
bad. It is a practical impossibility to obtain 
absolutely uniform transmission over verv 
long distances, and nothing which either 
the transmitter or the receiver will do, can 
get rid of these variations. 


DISCUSSION. 
Admiral Sir Henry Jackson, F.R.8.: I have 


much pleasure in moving a vote of thanks to 
Professor Marchant for his very interesting lecture. 
He has described a very difficult subject in a manner 
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clear and easy to understand, and he has dealt 
with itin a very short time. I think, as he says, 
these eflects are recognised by practically all 
authorities as being chiefly due to deflection by 
the upper layer of the atmosphere. He mentioned 
my name as one who had delivered a lecture on 
some fading effects due to intervening land. It 
was a long time ago, and I had forgotten the paper, 
but I believe it has stood the test of time. I see 
that in America some experiments have recently 
been made which showed that the effect of inter- 
vening land on broadcasting results was very 
marked indeed. Professor Marchant has not 
touched on the short wave fading, so noticeable 
when receiving these from long distances. This 
may be attributed to the same cause, but the 
mechanism by which it is effected at great heights 
is a little difficult to understand. I have been 
doing work during the last few months observing 
three stations with sinular wavelengths, power and 
operators. The results were certainly interesting 
as showing the effect of distance on fading effects 
of short waves. No doubt the fading does get 
worse as the distances increase; though I get it 
both in daylight and dark, at 70 miles, 1,200 miles 
and up to 6,000 miles. In the programme I have 
been listening to, the three stations follow one 
another very regularly according to a fixed pro- 
gramme, and very often I have noticed that 
when one station 5,000 miles away is clear the 
other two stations fade, but in other cases it is 
not so. Half an hour before I came here I was 
listening to two stations of exactly the same wave- 
length and power. One, a fixed station, 1.200 
miles away, showed no fading whatever. When it 
was finished I listened to the other station which 
was a ship about the same distance and power, 
and the fading was very bad indeed. The speed 
of words per minute was about the same. The 
fixed station was not fading, every dot was as 
clear as possible; but from the ship station about 
two-thirds of the dots were not audible at all, and 
the others were very faint. This fading of dots is 
rather difficult to account for ; is it due to the fact 
that it takes an appreciable time for the power to 
get through ? It looks like that, and 1 wonder 
if the commercial stations using these short waves 
find that difficulty, that their dots are missed and 
their automatic receiving tapes spoiled by it. It 
would be very interesting to know. Another effect 
is that the stations make long dashes to finish up 
signals. I have heard those long dashes with an 
audible note rising and falling in different pitch 
and strength. At other times the fading has a long 
period of perhaps a minute, with another period 
of five or ten seconds superposed on it. It would 
be very interesting to see how the mechanism of 
this upper layer can be worked out to meet these 
peculiar cases. We are very much indebted to 
Professor Marchant for bringing this subject clearly 
before us. (Applause.) 


Dr. W. H. Eccles, F.R.8.: The subject that 
Professor Marchant has been treating is an enormous 
one. The accumulated information and the number 
of observations are so massive that we are very 
grateful to anyone who will, as Professor Marchant 
has done, try and trace some path through the 
subject that will enable us to understand it better. 
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I think the burden of Professor Marchant’s address 
is that most or all fading is due to the Heaviside 
layer. I think it would be helpful if I were to 
point out that there are other possible causes. 
For instance, we all know that the waves are bent 
round the world by at least three agencies. There 
is diffraction, which means bending of waves 
round a corner. Then there is, in the case of 
electric waves in the air, the effect of diminution 
of density upwards. Therefore the specific induc- 
tive capacity decreases and the velocity of the 
waves increases with height, with the result that 
the wave front tilts forward as it goes over the 
face of the earth. There is, besides, the influence 
of water vapour which has been shown to have a 
considerable effect when distances of hundreds of 
miles are concerned. It seems to me possible that 
a great deal of fading is due to the action of water 
vapour or of alterations of air density at fairly low 
levels. An explanation of fading on that ground 
would resemble the explanation of the quivering ` 
of objects seen by rays of light passing over the top 
of a chimney where a fire is burning. These rays 
of light have to pass through air whose refractive 
index is slightly different from that of the air 
around it. Moreover that air is quivering, and the 
consequence is that objects seen through such a 
patch of hot air seem to be shaking. A good deal 
of the ordinary fading such as bothers the broad- 
casting listener may be due to the operation of 
similar causes. As regards the effect of water 
vapour, I think there is no doubt that the presence 
of clouds. or the occurrence of a thunderstorm that 
removes water vapour by making the rain fall, have 
their effects on signals; and I know quite well, by 
my own observations in the tropics, that the 
presence of cyclones or hurricanes between the 
transmitting station and the receiving station has 
great effect on signals. It is not likely that a cyclone 
will extend to a greater height in the atmosphere 
than, say, eight miles, and therefore it does seem 
that the lower atmosphere can produce very great 
changes of signal strength by these variations. 
I might just mention that it is well known to. 
meteorologists that the atmosphere is rather wobbly, 
if I may use the expression, at a height of about 
ten miles, because pilot balloons—the very light 
balloons which the meteorologists send up in order 
to observe the upper atmosphere and measure the 
wind currents there—these balloons at a height of 
about ten miles, move up and down through some 
hundreds of yards once every two or three minutes 
as they travel. That suggests that fading may be 
due sometimes to actual bodily movement of the 
layers that are below ten miles in height. When 
the ionised parts of the atmosphere come into the 
phenomenon, a third element enters to cause 
fading, namely, the variability of the amount of 
ionisation. That is the matter on which Professor 
Appleton has done such very valuable work, and 
on which Mr. Hollingworth has made the wonderful 
deductions described by Professor Marchant. 
While I was looking at the diagrams from Professor 
Appleton’s paper, thrown on the screen by Professor 
Marchant, it occurred to me again that perhaps we 
were taking the Heaviside layer as being too 
localised. We ought, perhaps, to think of it as more 
gradual than we do, and instead of drawing, as 
you see on the board now, a triangle, perhaps we 
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ought to draw a parabolic arch. You could start 
at the same angle upwards, make a parabolic arch 
of the same span and descending at the same angle 
on the other side. without the apex of the arch 
being as high as the apex of the triangle. If there 
is much bending in the lower parts of the atmos- 
phere, then the apex is really lower than ninetv 
kilometres; and for a longer wave would be still 
lower than the height calculated by Mr. Holling- 
worth. As to all the other points that Professor 
Marchant has discussed I am in accord with his 
conclusions, and it would be merely a repetition if 
I were to say anything about them. I agree very 
cordially with practically all his views. (Applause.) 


Mr. P. R. Coursey, B.Sc.: Mr. Chairman and 
gentlemen, I am sure we are all very grateful to 
Professor Marchant for the interesting matter 
he has brought before us to-night. The many 
measurements that have been made, amongst 
those to which he has referred which bear upon the 
apparent height of this tonised layer, are certainly 
very interesting, aS giving a more or less generally 
consistent figure between them. In reference to 
what Dr. Eccles said just now, the figures which 
have been obtained from different sources, all 
point to an apparent height of much around about 
the same figure; and it would appear that the 
bending to which Dr. Eccles has just referred, 
would simply reduce the height calculated by an 
amount which while not constant is nearly so, 
depending somewhat on the wavelength. 


There is perhaps just one point in which Professor 
Marchant's paper is lacking, if I may be permitted 
to say so, and that is with regard to the methods 
by which these observations have been carried 
out. The only contribution in an experimental 
way which I have made to the subject, was made 
several years ago with an Einthoven string galva- 
rometer of the type to which Professor Marchant 
made reference. That apparatus provides a nice 
way to carry out readings of this type, but is far 
too expensive an instrument for most of us; and 
a simple way of carrying out these measurements 
would be very desirable if it could be produced— 
provided the apparatus involved was fairly simple 
and, what is more important, subject to reasonable 
calibration and constancy of operation.. The use 
of a valve amplifier and detector with the addition 
of some means of calibrating the equipment each 
time a measurement is made, would scem to be the 
obvious method if properly set up and provided 
some means of definitely calibrating each time it 
is used. If Professor Marchant can suggest any- 
thing further of this type I am sure it will be a 
useful addition to the very excellent paper he has 
alreadv given. ‘ 

The fading effects due to the reception of two 
waves, one coming direct from the transmitter 
and one refracted in the higher levels, seem to be 
connected very intimately with the distortion of 
telephonic reception which occurs when receiving 
at night speech over distances since the telephone 
modulation itself will introduce variations of 
frequency at the transmitter. It seems very 
possible that the same effect may be the basis of 
the missing of dots to which Admiral Jackson 
referred just now. Many transmitters, if they. are 
operating with a simple valve oscillator, particularly 
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on short waves, frequently show small changes of 
wavelength at the moment of switching off and 
on, and with a dot signal those frequency changes 
must be a more important proportion of the whole 
length of the signal than they are when a dash is 
being transmitted. If then there is any fading 
etfect caused by variations of frequency causing 
interference of valves at the receiver, it would be 
possible that those effects would be more important 
with a short signal like a dot than with a long one. 
I do not know whether that is what actually 
happens but it occurs to me that that is the possible 
cause of the observed effect. The considerable 
fading noticed with a great many short wave 
stations is possibly also due to variations of wave- 
length of similar nature during transmission. 
Since the majority of these stations are not very 
rigidly controlled in frequency, and any variations 
of frequency on short wavelengths must be much 
more important than with long wavelengths, 
and if there is any difference in the length of the 
two paths traversed by the waves, a small change 
of wavelength must have a very much greater 
effect as far as interference is concerned. In 
conclusion, I would repeat that I am sure we are 
very grateful to Professor Marchant for all the 
interesting material he has brought before us to- 
night. (Applause.) 


Mr. E. C. Atkinson, M.A.: At least one regular 
observer of transatlantic messages appears to 
attribute the variation in signal strength of messages 
coming across water to variations in barometric 
conditions over the Atlantic,- and he seems to be 
satisfied that if there is a regular pressure gradient 
between the receiving station and the transmitting 
station, the signals are likely to be strong; whereas 
they are likely to be weak if the barometric pressure 
is erratic between the two stations. It seems at 
first sight quite hkely that what you may calla 
ripply atmosphere between the two stations would 
be a condition for bad reception; but if you are 
to attribute the reception over long distances to 
one or, as Professor Marchant points out, possibly 
more than one reflection from the Heaviside layer, 
you scem really concerned with the smoothness of 
the reflecting surface at one or at most two points, 
and consequently you would expect to have good 
reception with a steady barometer in one or two 
places. and be entirely independent of those local 
depressions which we read about in the papers 
—generally approaching the British Islands. 
(Laughter.) I should like to ask Professor Mar- 
chant what his views are as to the possible connec- 
tion between barometric conditions and the periods 
of good and bad reception of long distance wireless 
signals. 


Mr. H. Bevan Swift, A.M.I.E.E.: Mr. Chairman, 
I am afraid my remarks will be more from the 
practical side, because [ have not made any 
theoretical investigation of the subject. Professor 
Marchant opened his lecture by saying that he 
could not get Cardiff at Liverpool. Cardiff I 
think is also the most difficult of the broadcasting 
stations for us Londoners to get. Some friends 
of mine at Aberystwyth cannot get Cardiff at all 
but get London perfectly. I suppose it is the local 
conditions there which make it so ditticult to receive 
elsewhere. The fading we get seems to be of two 


THE WIRELESS ENGINEER 


kinds, total obscurity and periodic fading. In the 
case of a house on the Penistone Hills in Yorkshire 
recently we were listening to London broadcasting 
at full loud-speaker strength. Seven minutes 
afterwards it was totally gone. A few minutes 
afterwards it came up to full loud-speaker strength 
again. To practical listeners that periodical 
fading is most troublesome of all. With total 
obscurity you do not expect anything, but you like 
continuity if you are listening to a programme ata 
distance. On a superheterodyne set you do not 
appear to notice the fading to the same extent ; 
that is possibly due to some peculiar circumstance 
of the set itself. Distance does not seem to make 
the great difference in strength to the stations. 
When listening on the 45-metre band, fading is 
extremely irritating. On certain nights you can- 
not get stations, on other nights those stations 
are quite good; and it is a mysterious thing 
that if you ever try to carry out a schedule 
of transmission with anybody, that night invariably 
he cannot be heard, which is a most awkward 
circumstance. I was very much interested in a 
remark by Professor Marchant upon the Heaviside 
layer not being concentric with the surface of the 
earth, that is to say that during the night presumably 
the gap between it and the earth is different from 
that in the daytime. I would like to know if 
Professor Marchant can tell us if this is due to 
the effect of the sun upon the ionisation of the 
atmosphere which actually lifts the Heaviside 
layer away. At sunset those peculiar observations, 
that we have observed on the screen to-night, 
‘are very erratic. This might be due to the peculiar 
cooling of the ionisation of the air with a definite 
lag of phase, if we might put it that way, due to the 
rays of the sun going off. I do not know whether 
there is anything in that idea; perhaps Professor 
Marchant can tell us. I would like to congratulate 
him upon his excellent paper. (Applause.) 


Mr. C. W. Goyder : May I ask Professor Marchant 
a question with regard to the way in which waves 
travel to distant stations. Would not you consider 
that at 3,000 miles the direct wave would be 
entirely absent, especially on the short wavelengths 
of about 45 metres? If you had only a reflected 
ray arriving at the station 3,000 or 6,000 miles 
away, surely there would be a great number of 
paths by which it could arrive ; so that the integra- 
tion of all those paths ought to allow a fairly good 
signal to be received at the distant end. I do not 
see why the rays should take just one path; they 
might take hundreds which would be slightly 
different in the length and so the average result 
would be fairly constant. What has surprised me 
is that although distant amateur signals, and New 
Zealand signals from 12,000 miles, are quite 
constant in strength, with KDKA on 63 metres 
the fading is extremely violent and also the com- 
mercial station on 44 metres. I cannot see why 
fading should be bad at a distance of 3,000 miles 
when the direct ray is absent. Another thing is 
that with 45 metres, even at a distance of five miles 
from the transmitter, fading is very bad at times. 
Surely the waves could not be reflected down at 
such a critical angle from the Heaviside layer as 
to arrive at the earth at a distance of five miles. 
But at a greater distance than five miles, say 
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35 miles, on the 45-metre band you do not hear 
anything at all, practically speaking. It is the 
well-known skip distance. Further on, at 300 miles, 
the signals become normal again. I cannot quite 
see why that should be so. If fading occurs at 
five miles I do not see why it should not occur right 
through and beyond the skip distance. With 
regard to the constancy of frequency and its effect 
on fading. I think if you use crystal control you 
can rely on the frequency being constant, and as 
far as I can find from experiments the distortion 
of speech is entirely absent when you are using 
crystal control ; as Mr. Coursey mentioned to-night 
frequency variation would vary the quality of the 
speech ; ever since I have tried the experiment of 
using crystal control I have never had a report of 
speech distortion. But the fading has not been 
atfected ; it is as bad as ever it was, and does not 
seem to be affected by frequency. With regard to 
the barometer, or any weather eftect on the signals, 
for two weeks at a time I have noticed that a five 
kilowatt station on 45 metres has not been audible 
No signals at all. Yet one night it goes 
up to its normal strength, R8, in the ordinary 
code, without any change in the weather. Another 
day it dies away to inaudibility. Surely these 
changes are too rapid to be accounted for by the 
weather. I wonder if there is any simple explana- 
tion of this! (Applause.) 


Mr. G. P. Nicholson : One possible experiment 
occurred to me while Professor Marchant was 
speaking about the Heaviside layer—if it is as sharp 
as the picture on the board indicates. A short 
wireless wave transmitted from a Hertz dipole is 
plane polarised. That is the vibrations of the 
electric field are in one plane only, and those of the 
magnetic field in another plane at right angles to 
the first. Now it is known that if light is incident 
upon a reflecting surface at a certain angle it will 
be largely reflected if polarised in one plane, but 
mostly transmitted if polarised in the plane at 
right angles. I should like to know whether any 
experiment has been made which bears on this 
point. It appears that rays from a vertical dipole 
are actually reflected from the Heaviside layer. It 
might occur that rays from a horizontal dipole 
using a parabolic reflector with its axis horizontal 
might not be so reflected, if they were directed so 
as to strike the layer at the correct angle. I should 
like to know whether Professor Marchant knows of 
any such experiment. 


Brig.-General Sir H. ©. L. Holden, K.C.B., F.RS. 
(Chairman) : If no one else wishes to speak I would 
like to make a remark or so myself. I am afraid 
I cannot add very much to the discussion, and I 
feel rather diffident about speaking at all, because 
I feel that if I ask the few questions that I want 
to, I shall be more or less overwhelming the lecturer, 
because he has already a number of points to 
answer. The first thing I should like to ask is 
whether any information has been obtained from 
the experiments that have been made by, I think, 
one or two Polar expeditions that have been made 
during the last eighteen months or two years. The 
reason I ask is because I have seen in the papers 
some remarks on the difficulty of obtaining signals 
in the Polar regions. Whether there is anything 
in it or not I do not know. Another point that 
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strikes me is this, the ionised air, the Heaviside 
layer; according to the diagrams that have been 
shown to us on this and other occasions, the ionised 
layer seems to be able to move—I am speaking 
from diagrams—some fifty or sixty miles vertically 
in an exceedingly short period of time. What I 
should like to know, if Professor Marchant can tell 
us, is the nature of the movement, and whether 
it has been calculated in any way what sort of 
movement in height is necessary in order to produce 
the results that have been obtained: I think here 
I should congratulate Professor Marchant very 
strongly on the data that he has collected and 
brought forward this evening. because one feels 
that there has been in the past a great deal of 
scepticism on the Heaviside layer theory; and one 
has felt all along that what was wanted to prove 
its being right or wrong was practical data. Those 
practical data seem to be coming forward almost 
daily. There is just one point I am a little bit 
doubtful about; it was a minor matter, but he 
mentioned that he thought that the strength of the 
signals from Paris, from the Eiffel Tower, was 
because rain had washed the air and insulation 
improved. Paris is better than London it is true, 
but I do not think any shower of rain, unless 
accompanied by hot soda water and soap, and 
possibly a scrubbing brush, would do anything to 
clean insulators.. When taking them down, and 
finding the difficulty of removing the layer of soot 
and sulphuric acid, I sometimes wonder how they 
insulate at all. I would like information on that 
point if there is time. One other question I can 
give corroborative evidence upon. Cardiff has 
been mentioned as a difficult station to hear. I have 
had a certain amount of experience of a station close 
to Cardiff, about 18 miles away. The aerial is 
very high; I think from the top of the mast you 
ought to be able to see Cardiff. However, the 
reception 1s very poor, compared with what it is 
from Bournemouth, which is five times the distance 
away. Another curious thing about it is that 
Aberdeen is, I may say, very easy to get and very 
clear. Thesignalsare very strong, but Birmingham, 
which is in the direct line between the place that 
I mentioned and Aberdeen, is practically impossible 
to get at any strength that is worth hearing. So 
that there is something curious about Cardiff and 
possibly Birmingham that wants explanation, 
I think there is no doubt. Now it is my pleasant 
duty to call upon Professor Marchant to reply to 
the various points that have been raised by members 
of the audience. (Applause.) 


Professor E. W. Marchant, replying to the 
discussion, said: I must first of all thank all the 
speakers for the very kind way in which they have 
received this lecture. It does not describe any 
original observations, but is an attempt to sum- 
marise and collect information that has recently 
been published. 

Sir Henry Jackson mentioned the differences in 
short wave fading he had observed over long 
distances. It is most interesting to find that the 
differences are so great. 

In some tests that were described by Mr. Franklin 
in connection with his experiments on short waves 
near Holyhead, the waves were strongly absorbed 
when the station was on the sea level; but when 
the transmitter was carried some 300-400 feet up 
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a hill, the absorption rapidly decreased. It seems 
to me that there may be great differences in absorp- 
tion due to conditions in the neighbourhood of the 
transmitter, and it is possible that varying local 
conditions may be the explanation of some of the 
variations that have been observed with different 
short-wave stations. With regard to the fading of 
dots, Mr. Coursey has given a very likely explana- 
tion. All who have had experience with valve 
oscillators have noticed the change in frequency 
that occurs when the valve filament is first switched 
on, and if there is a variation of this kind at the 
beginning of a dot, it may possibly be the explana- 
tion of the “ fading ” of the dot at the receiver. 


With regard to what Dr. Eccles said as to atmos- 
pheric conditions, I wish he had given us rather 
more information about the effects he has observed 
due to clouds. There must be slight changes in 
the velocity of wave transmission due to variations 
in density, because the velocity of light 1s different 
in air of different densities. There may be effects 
due to changes in velocity at quite low levels but 
the effect is very small, since the difference between 
the velocity in a vacuum and in air at atmospheric 
pressure is only 0.03 per cent. 

With regard to the effect of thunderstorms and 
cyclones, I may perhaps be permitted to refer to 
some observations recorded by General Ferrié at 
the Eiffel Tower last January. On a particular 
day in January, there was an enormous increase 
in strength of signals at a time when there had been 
heavy electric storms. We have all observed these 
remarkable increases in signal strength on certain 
days. Last Sunday, one of my friends told me, 
was a remarkable day for listening to European 
Broadcasting Stations. 

As regards reflection from the Heaviside layer, 
the actual angle at which the waves were reflected 
in Appleton's experiments was of the order of 60 
or 70 degrees. He estimated the reflection co- 
efficient for that angle of incidents as of the order 
of 2 per cent. Therefore, of course, the variation 
at these distances is relatively small. Mr. Coursey ' 
referred to methods of observation. I purposely 
left out any reference to methods of observation, 
because there was not room for it in this lecture. 
The method of observation with a galvanometer 
is, I think, more reliable than observation with 
telephones; the method we now use for weak 
signals is quite satisfactory within certain limits of 
accuracy; it is that suggested by Round and 
Lunnon. 

A local signal is produced by a valve oscillator, 
the high frequency current is measured by a thermo- 
pile, and the local signal is matched against the 
incoming signal by using a variable coupling. 

Austin shunted his telephone with a resistance 
and varied the resistances until the signal just 
disappeared. I have never been able to get 
accurate results by this method. I think it depends 
very largely on the personal qualtiies of the observer, 
some people can get much better results with it 
than others. The matching method has proved 
much more reliable. He refers to fading due to 
variations in wavelength: this is probably due to 
interference ; the strength of signals due to inter- 
fering waves may vary within wide limits for small 
changes in wavelength. 

Mr. Atkinson referred to the effect of barometric 
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pressure. I think that unequal distribution of 
barometric pressure across the Atlantic might be 
expected to produce bad conditions for signalling. 
The same thing is true of the variations observed 
during summer and winter. In summer the 
atmospheric conditions are usually steadier than in 
winter, and recently published results have shown 
less variation in signal strength in summer than 
in winter. The barometric pressure is rather more 
uniform in summer, hence it may be expected that, 
on the whole (apart from atmospherics), signalling 
conditions will be more uniform. I do not think, 
however, that any very definite relation has been 
established between barometric pressure and signal 
strength. 

Mr. Bevan Swift referred to Cardiff. I was very 
much interested to hear that it is difficult to listen 
to Cardiff at Aberystwyth. I think there must be 
abnormal absorption in some directions due to the 
ground at Cardiff. If the cliffs and ground contain 
a great deal of mineral matter, one would expect 
local absorption. I am told that to the north of 
the Cardiff Station there is a rather high hill. One 
would expect that hill to prevent the waves going 
out strongly northwards. I have been told by an 
observer on the Wirral peninsula, that Cardiff comes 
through much better on a loop than on an aerial, 
though I have never proved that myself. There is, 
of course, some difference between aerial and loop 
reception, though, as a general rule, as Appleton 
showed, variations are greater with loop reception. 
Were they using loop reception on the super- 
heterodyne ? 

A Member: Yes. 

Professor Marchant : That is the only apparent 
reason why there should be any difference between 
the two cases. 

Professor Appleton’s results showed that varia- 
tions with loop reception were greater than with a 
vertical aerial. It is interesting to know that in 
this case, loop reception is more constant. As 
regards the effect of the sun on the Heaviside 
layer, it is dificult to determine with precision the 
variation in the effective height of the Heaviside 
layer. If one takes Mr. Hollingworth’s results, one 
can make an estimate of the increase in height 
from the dimihution in strength after sunset. That 
is the difference in height necessary to produce 
minimum instead of maximum signal strength. If 
one takes the curves given in his paper, at a distance 
of 400 kilometres, there is maximum signal strength 
with a height of about 72 kilometres, and minimum 
signal strength at about 82 kilometres, the difference 
between these two should represent roughly the 
difference in effective height of the Heaviside layer. 
before and after sunset at Slough. I do not think 
the variation in effective height of the Heaviside 
layer can exceed Io or 15 kilometres. 

With regard to the statement by Mr. Goyder 
about signals that were inaudible at a distance of 
five miles, and become audible again at three hun- 
dred miles, I should have expected the explanation 
to be local conditions. If there happened to be 
a h'll, some houses, or even large buildings, which 
might act as reflectors, it is conceivable that at 
a relatively short distance there might be inter- 
ference between a direct ray and a reflected ray. 
I do not think the Heaviside layer would explain 
the phenomenon. The Heaviside layer might 
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produce a certain amount of variation, but the 
angle of incidence for such a short distance is so 
near to the normal that the reflection coefficient is 
very low—it is of the order of 2 per cent. at 
angles of sixty or seventy degrees, and would be 
less at nearly normal incidence. With regard to 
the fading from KDKA, being very marked, and 
that due to New Zealand being less marked, that 
result, I think, is what one might anticipate. With 
a station at the Antipodes the waves go over the 
same length of path whichever way they travel, 
and therefore variations in signal strength, due to 
interference between waves in different directions, 
should „not be very marked; whereas, assuming 
variations are due to interference between waves 
going in different directions across the world, a 
station like KDKA will show more marked 
fading. I do not think, as a matter of fact, the 
fading with a station like KDKA is due to inter- 
ference. As Mr. Goyder suggests the direct ray at 
this distance must be very weak. It is more likely 
to be due to variations in the shape of the Heavi- 
side layer, and in the angle at which the waves are 
reflected. The Heaviside layer must have an 
irregular surface, and the amazing thing is that 
reflection and refraction from it are as regular as 
they actually are. 

Mr. Nicholson referred to polarisatfon. I think 
there is no doubt that a plane polarised beam 
reflected from the Heaviside layer has its plane of 
polarisation rotated; Appleton has showed that. 
A loop aerial may be used to determine the plane 
of polarisation of an incoming wave, and it is found 
that the wave that is received as the result of the 
combinationof a direct beam and a reflected beam is 
nota plane polarised wave. Itiselliptically polarised. 

General Holden was asking whether there is any 
information about the Polar regions. Captain 
Round's paper made some reference to it. He 
found that when the path between the transmitting 
and the receiving station was across the Polar 
region the signals diminished very markedly, so 
that it would appear as if the Polar regions, for 
some reason we do not at present understand, 
absorbs waves more than other regions of the 
earth. I have already mentioned the possible 
motion of the Heaviside layer that one would 
estimate in explaining the sunset effect. Of course 
it is not actually a motion of the Heaviside layer. 
What happens is that the air or gas at these alti- 
tudes becomes less ionised as the sun disappears. 
The ions recombine, and therefore the eftective 
height of the layer is raised. There is no actual 
motion of air, but the conditions in the upper 
atmosphere vary. I was very interested to hear 
what he said about insulators. That the rain 
thoroughly cleans insulators, I think is very un- 
likely ; the increase in signal strength after rain is 
much more likely to be due to the “ clearing ” of 
the atmosphere. 

Birmingham, like Cardiff. is in a coal district. 
I do not know what the exact geological formation 
in the neighbourhood of Birmingham is, but if there 
is a large amount of iron ore and good conducting 
material in the ground, one would expect to notice 
a good deal of absorption. 

I must thank you once more for the very kind 
way in which you have received what I have had 
tosay. (Applause.) 
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Nick-o-Time Tunometer Coils. [R382.009 


SERIES of these coils—the aerial inductance 
tuner, the reaction tuner, the aerial series 
vernier, and two other coils wound in the same 
fashion, but without any tuning arrangements— 
have just been tested by us for inductance, 
self-capacity and H.F. resistance. 
The construction is unusual and beautifully 
carried out, and consists of tinned copper wire 


/ 


we 


eer 


wound in spiral grooves cut in both faces of an 
ebonite disc. In the first three coils tuning is 
effected by a rotating arm carrying a small grooved 
wheel which runs on the wire, and as the arm is 
rotated the number of turns of the coil in circuit 
is altered. The arm and wheel are held in good 
contact with the wire by means of a fairly strong 
spiral spring concealed in the long bearing for the 
arm. 

Provision is made for adding loading coils to both 
tuners, the plugs and sockets being short-circuited 
by link pieces when no loading is required. The 
makers state that it is intended to substitute for 
the tinned copper, nickel plated wire, which, 


although it will keep clean and give a better contact 
with the wheel, is likely to have a slightly greater 
H.F. resistance than the tinned wire, so that the 
overall gain is not likely to be much, if any at all. 


The test results are as follows :— 


The reaction tuner and aerial tuner were almost 
identical in size and constants, the maximum 
inductance being 1164H and the minimum 284H ; 


self-capacity 6uuF. H.F. resistance at 750 kilo- 
cycles (400m.) 4 and 4.4 ohms respectively. 

The two plain coils had inductances of 116HH, 
and 88uH ; self-capacities of 1944F and roppF, 
and resistances at 750 kilocycles of 3.8 and 2.8 ohms 
respectively. 

The aerial series vernier has a maximum 
inductance of 36H. 

These figures compare quite well with other 
well-known makes of coils, but an objection which 
might perhaps be raised to the tunometer coils is 
their large size, giving a large stray field and 
thus necessitating good spacing in any set in which 
they are used. 

A. P.G. 
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UCH interest has been centred during the 
past few weeks on the development of 
practical simple methods for the wireless 
transmission of pictures. The first article on this 
subject, particularly with regard to the transmitting 
of pictures from the broadcasting stations, appeared 
in a recent issue of The Wireless World.“ Since the 
publication of that article tests have been conducted 
from the London broadcasting station, and it is 
understood that the results obtained have been 
satisfactory and tolerably good pictures recorded, 
making use of the Thorne Baker apparatus both 
for transmission and reception. | 
In this system the picture is re-photographed on 
to copper foil so that the surface of the copper is 
left clean for those parts of the picture representing 
shadow, whilst the high lights are marked by a 
deposit of a non-conducting film. The copper 


In the Thorne Baker picture transmitting apparatus a copper plate bearing the 
image is traversed by a metal needle forming part of an electrical circuit. 
The receiving and transmitting equipments are exactly similar, and the cylinder 
on which the picture is recorded by an electrolytic process is kept in synchroni- 
sation with the transmitter by means of accurately-timed pendulums. 


plate is attached to the face of a cylinder, which is 
traversed by a needle in the same way as the needle 
of a phonograph recorder passes over the surface 
of a cylindrical record while the cylinder revolves 
at a speed of 3o revolutions a minute. An inter- 
mittent contact is thus made with the surface of the 
copper, the circuit being broken for the high lights and 
made at those portions representing deep shadow. 
The fluctuating potentials thus obtained are 
caused to break up the continuous waves at the 
transmitting station into a series of wave trains of 
varying duration. At the receiving station the 
C.W. signals are detected and amplified and applied 
between a platinum point and a cylinder wrapped 
with a chemically treated paper, the cylinder 
being exactly synchronised with corresponding 


* 24th March, 1926, p. 437: | 
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cylinder at the transmitter. The paper on which 
the image is recorded is moistened with a mixture 
of potassium iodide and starch solution and a 
current of one milliampere applied to the paper 
for even a brief interval of time is sufficient to 
produce a deep blue coloration. 

A simple method of synchronisation is employed 
in the Thorne Baker system, and makes use of 
accurately adjusted pendulums at the transmitting 
and receiving stations. The pendulums are accu- 
rately timed to make one swing a second or one 
complete oscillation in two seconds, and by means 
of spring contacts circuits are broken at regular 
two second intervals so as to control an 
electro-magnetic action arranged to release the 
rotating cylinder with a constant time period 
between each revolution. The mechanism com- 
prises an electro-magnet and armature which 
engages on the revolving 
cylinderat each revolution, 
holding it stationary until 
two seconds have elapsed 
from the time of its com- 
mencement. The driving 
clockwork is adjusted so 
that the cylinder revolves 
in just under two seconds, 
and by this means the cy- 
linders of the synchronised 
transmittingand receiving 
stations commence each 
revolution in unison. 

For any system of pic- 
ture reception to be used as 
an auxiliary to broadcast 
reception, it is essential 
that only minor modifica- 
tions shall be necessary to 
change overto the picture- 
recording equipment, the 
tuning and amplifying 
apparatus being used with- 
out modification. It is 
obvious, therefore, that 
unless the receiver is to be 
used in a state of oscilla- 
tion or a separate hetero- 
dyneisemployed, that the 
continuous wave trains 
cannot be amplified by the 
low frequency equipment of the broadcast set. 

For this reason the development which has 
recently taken place consists of interrupting the 
note emitted from an audio-frequency oscillator 
set up either in front of the microphone- of the 
broadcasting station or applied into the circuits 
of the intermediate amplifiers. Thus at the receiv- 
ing station an interrupted note is picked up. To 
bring about the electrolytic action required for 
recording the picture, a uni-directional current is 
required and can be produced either by negatively 
biassing the last low frequency valve to operate 
at the lower bend of its grid volts anode current 
characteristic, or by making use of a valve rectifier 
with leaky grid condenser. The experimental 
transmissions which have been so far carried out 
will encourage the development of picture trans- 
mission in association with broadcasting. 
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The Straight-Line Relationship. 


Comparison between Semi-Circular and Square-Law Vanes. 


By Oliver Hall, D.Sc. 


N this country there are at the present 
I time two well-known types of variable 
condenser. , The difference between 
these two types lies in the shape of the 
moving vanes, the older of the two types 
having semi-circular vanes and the more 
recent type vanes of a so-called ‘‘ square 
law’ pattern. As is within the knowledge 
of most wireless experimenters, the more 
recent type with its peculiarly shaped vanes 
represents an attempt to obtain a straight- 
line relationship between wavelength and 
dial setting of the condenser. 

A third type of variable condenser, known 
as a “straight-line frequency ” condenser, 
is now being used in America. This con- 
denser represents an attempt to obtain a 
straight-line relationship between frequency 
and dial setting of the condenser. 

So great has been the desire for variable 
condensers with a straight-line relationship 
of some kind or other, that, on both sides 
of the Atlantic, the old familiar variable 
condenser with the semi-circular moving 
vanes has been referred to by many writers 
as a “straight-line capacity ” condenser. 

What is there in this idea of “ straight- 
line relationship,” and what is the use of it 
when it has been attained ? 

Briefly stated, a straight-line relationship 
between two varying quantities means that, 
over a particular range of values, an increase 
in one of those varying quantities indicates 
a proportionate increase or decrease in the 
other varying quantity. As with most 
mathematical ideas, the thing becomes 
clearer in the hght of actual examples. 

Let us consider then the diagram shown in 
Fig. x. This diagram shows the relationship 
obtained between wavelength and dial read- 
ing for a well-known type of square-law 
variable condenser. The observations on 
which the diagram is based were made one 
evening recently with a one-valve receiver. 

First of all, let us confine our attention to 
the upper portion of the diagram. If a 
ruler is applied to this portion of the diagram, 


[R381.4.01 


it will be found that a straight line can be 
drawn with a good degree of accuracy through 
the points for 2BD, 5IT, 2BE, and 5SC. 
That is to say, a straight-line relationship 
holds between wavelength and dial reading 
for the upper portion of the diagram. 

In what way does this straight-line relation- 
ship help us? The most important way in 
which it helps us is this: It indicates that, 
over that part of the condenser dial, the 
wavelengths are evenly distributed, each 
scale division of the dial representing the 
same amount of wavelength. We can easily 
calculate this amount. The wavelength for 
5SC is 422 metres and the dial reading 50. 
The wavelength for 2BD is 495 metres and the 
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dial reading 75. Subtracting 422 from 495 
we get73. Subtracting 50 from 75 we get 25. 
Dividing 73 by 25 we get 2.92 which gives us: 
the wavelength value of each scale division 
from 50 to 75 on the condenser dial. 

Let us now consider the lower portion of 
the diagram in Fig. 1. “There are four points 
in this portion of the diagram. Let us 
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consider these four points along with the 
point for SSC. If we apply a ruler to this 
lower portion of the diagram, it is at once 
evident that we cannot draw a straight line 
through the five points. Hence we may 
conclude that, for that portion of the con- 
denser dial from 25 to 50, a straight line 
relationship between wavelength and dial 
reading does not exist. 

Considering the diagram as a whole, it is 
even more evident that a straight-line 
relationship between wavelength and dial 
reading does not exist for the whole conden- 
ser dial. Indeed, the straight line drawn in 
the upper portion of the diagram, when con- 
tinued in the lower portion, misses the points 
for 6BM, 2ZY and 2LO completely. 

The manufacturer, of the particular vari- 
able condenser used in taking the observa- 
tions from which Fig. I was drawn, has 
therefore failed in his attempt to design 
a condenser giving a straight-line relationship 
between wavelength and dial reading over 
the whole range of movement of the condenser. 
The result obtained in that figure is the rule 
rather than the exception for the modern 
“ square-law ” variable condenser. 


How is it that the hunt for this straight- 
line relationship in variable condensers 
almost invariably ends in failure? To 
answer this interesting question we shall have 
to obtain an understanding as to the part 
capacity plays in tbe determination of the 
frequency or wavelength of a circuit con- 
taining that capacity. 

Let us start then with the well-known 
formula 


Wavelength =1,885 y Inductance x Capacity. 


Let us assume that the inductance is a 
pure inductance and that the capacity is 
made up of two parts, F and C, F being the 
total fixed capacity in the circuit and C 
the variable capacity determined solely by 
the variable condenser. Further, let us 
include in the term F all the stray capacities 
in the circuit and the minimum capacity of the 
variable condenser. We may then write 
our formula in this way 

A=1,885 VL (F--C).. ka GT} 
where A= wavelength in metres, 
L= inductance in microhenries, 


and F and C are measured in microfarads. 
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Since F includes all the fixed capacities, 
the stray capacities and the minimum 
capacity of the variable condenser, if we 
denote by W the minimum wavelength of 
the circuit, we can write 


W=1,885/LF .. .. (2) 
Now by squaring equation (1) we get 
A2 = 1,8852L(F+C) 


or = 1,88522F + 1,8852LC .. (3) 
By squaring equation (2), we get 
W2—=1,885°LF .. si --. (4) 
From (3) and (4) we may write 
A2= W2 + 1,8852LC .. -. (5) 


The result obtained in equation (5) is one 
of considerable importance and one which 
does not appear to have received the atten- 
tion it deserves. Its importance lies in the 
term W2, for that term provides us with an 
explanation as to why the hunt for a straight- 
line relationship in a variable condenser is 
so frequently unsuccessful. 

If it were only possible for that term W2 
to disappear, all would be plain sailing, but 
that term does not disappear. Were that 
term to be zero, it would mean that, when the 
variable condenser was set at o, in other 
words set in its position of minimum capacity, 
the wavelength value of the circuit would be 
zero, an impossible state of affairs. It is 
very largely because designers of variable 
condensers of the “ square-law ” type have 
ignored that term W2 that many of our square- 
law variable condensers fail to give a straight- 
line relationship between wavelength and 
dial reading of the condenser. 

Strictly speaking, a straight-line relation- 
ship between either wavelength or frequency 
and the dial reading of a variable condenser 
cannot be attained in actual practice. What 
can be done, however, is to obtain an ap- 
proximation to such a straight-line relation- 
ship. 

It may come as a surprise to many that a 
better approximation to a straight-line 
relationship can be obtained with a variable 
condenser having semi-circular plates than 
with a condenser with the modern “ square- 
law ” type of plates. 


Consider the old type of variable condenser 
with its semi-circular plates. With such a 
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condenser, the increase in capacity over the 
minimum capacity is directly proportional 
to the dial setting. In other words, the C 
of our equation (5) is equal to aD, where 
D is the dial setting, and a is some number 
definitely fixed for that particular condenser. 
Let us put C=aD in equation (5) and we get 
A2= W2  1,8852LaD. 
In order to simplify this result, let us write 
k for 1,885%La. We then have the important 


result 
A2=W2+kD .. da (6) 


This equation, which is of somewhat novel 
form, is extremely important in that it shows 
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the part played by the minimum wavelength 
of a circuit in determining the actual wave- 
length to which the circuit may be adjusted 
by a variable condenser. 

The result we have called equation (6) can 
be put to great use in connection with semi- 
circular vane condensers. Suppose that we 
have such a condenser connected in a circuit 
and that the maximum wavelength to which 
the circuit will turie is 600 metres. Suppose 
also that the minimum wavelength to which 
the circuit will tune is 300 metres. Further, 
suppose that the dial of the condenser is 
divided into a hundred equal divisions. 
Putting A = 600, and W = 300, and D = 
100 in equation (6), we have 6002 = 300? + 
k x 100. This gives us a value of 4 for the 
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particular condenser under consideration, 
namely k = 2,700. We may therefore write 
for this condenser 


A? = 300? + 2,700 D. 


Giving D the values 20, 40, 60, and 8o in 
succession and calculating the corresponding 
values of A, we obtain the set of values given 
in the section marked A in Table I. This 
set of values is illustrated diagrammatically, 
by curve A in Fig. 2. 

Section B in Table I. gives a set of values 
obtained in exactly similar fashion for a 
variable condenser which tunes a circuit 
from 300 to 500 metres. Section C gives a 
set of values for a variable condenser which 
tunes a circuit from 300 to 400 metres. 
Sections D and E of the same table give sets 
of values for condensers which tune a circuit 
from 300 to 320 and from 600 to 620 metres 
respectively. Each section of Table I. is 
illustrated by a curve bearing the same dis- 
tinguishing letter in Fig. 2. 

Looking at Fig. 2 in conjunction with 
Table I., we see that, as the range of the 
variable condenser is reduced, the curve 
showing the relationship between wavelength 
and dial setting gets nearer and nearer to a 
straight line relationship. In fact, for the 
two condensers having a 20-metre tuning 
range, the relationship between wavelength 
and dial setting is actually a straight-line 
relationship. 

Now a variable condenser with a range of 
20 metres corresponds very nearly to the 


TABLE I. 

| A | B | c D E 
0 6 |S, g Ssl Eg) ¢ Ssl] g (8s 
-2| PSE bign E gE B Sh pls» 
£3 9 153, 8 |58| 8 |SS) & ggj S IGE 
A7! gs iss, 3 bel $ |S $ ESj $ [ss 
4S a Sa) e Za] s Esas) œ Ea) a ua 
| š as 3 [as] š 22 3 Az| 3 las 
AO Fe £N = Ep ma PI PET 

o 300 | 300 | 300 300 | 600 
80 | 50 | 23 4 | 4 

20 380 350 i| 323 304 604 
65 | | 43 | 20 4| 4 

40-445 l 393 | 343 308 608 
| 57, 39 | 20 4 4 

60 502 | C 432| | 363 ; | 312 | 612 

| ~= 
52 | | 5 | | 19 | 

80 854 | 467 | | 382 ' 316 | 616 
| 46 33 | 18 4 4 

100 | 600 | 500 400 | 320 I! 620 

| | | 
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separate single vane of a so-called vernier 
condenser. Hence we have the most in- 
teresting indication that the vernier vane of a 
variable condenser with semi-circular vanes, 
gives a straight-line relationship between 
wavelength and dial reading. We must 
emphasise the point that we are speaking 
of a variable condenser with semi-circular 
vanes. 

It is interesting to note, in passing, that 
Table I. indicates quite as clearly as Fig. 1 
the straight-line relationship for Sections 
D and E. The “ difference in wavelength ” 
columns in these two sections show a con- 
stant difference of 4 metres for every 20 
divisions on the condenser dial. Equally 
true is it to say that Table I. shows that 
there is not a straight-line relationship in 
Sections A, B, and C of the table. There is 
a varying difference of wavelength per 20 
scale divisions of the condenser dial in each 
of these three sections. 

We have stated that, for a variable con- 
denser with semi-circular vanes, the capacity 
of the condenser for any setting D of the dial 
may be written aD, where a is some number. 
For a variable condenser with vanes of the 
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“square-law”” pattern, the corresponding 
relationship is C =aD?, a being a number 
as before, definitely fiked for a particular 
condenser. 
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If we put C = aD? in our equation (5) we 
obtain the result 
A2= W2 + 1,8852 LaD? 


Let us again write Å for 1,8852 La. We then 
have the result | 


A = W24 kD? o .. ll (9) 


We shall be able to use our equation (7) 
in much the same way as we used our 
equation (6). Suppose that we have a 
“square-law'” variable condenser which will 


TABLE II. 
| l i 
Poog Go p SB. p. EO | 
— E ' SS === = [=== 
| g 5g g ŝŝ 4 [si d Sd s isd 
| w ge & ye iga & g e = 
@5/ 868. ŝ 85. § ES. 5 EF 5 FE 
AN T eo $ Ieo mike, Sits! a Eu 
z13 =5 3 84 & les 4 e2] 3 &% 
= Az 3 Az = jās = GE| 2 ĝe 
| | | | : | 
o ~= 300 | 300 | 300 ` '| 600 
| IO 
, 18 io l 1 § a a og 
20 | 318 310 EZ 301 ' 601 
l | 
47 30 | | 13 2 2 
40 365 |. 340 | 318 | 303 ` 603 
mL. EE EN, E 
E 68 | F e“, | 22 | 4 
433 | | 384 | 340 | | 307 | 607 
' 8o 55 | "297 | 6! 6 
80 |513, - | 439 367 | 313 | 613 
i aaa | 
_ 87 | Far | poo 7 
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tune a circuit from 300 to 600 metres, and 
that the dial of this condenser is divided into 
Ico equal divisions. Putting A = 600, 
W = 300 and D = 100 in equation (7) gives 
us 6002 = 3002 + k I00?. From this we 
can calculate the value of k for this particular 
condenser. We get k = 27. 

Hence for this particular ' 

condenser we may write 

A? = 300? + 27 D». 

Giving D the values 20, 40, 60 and 8o in 
succession and calculating the corresponding 
values of A, we obtain the set of values given 
in the section marked F in Table II. This 
set of values is illustrated in the form of a 
curve as curve F in Fig. 3. 

Section G in Table II. gives a set of values 
obtained in the same way for a “ square 
law” variable condenser which tunes a 
circuit from 300 to 500 metres. Section H 
gives another set of values for a similar 
condenser which tunes a circuit from 300 to 


“square law” 
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400 metres. Sections I and J refer to small 
“square law” condensers which tune a 
circuit respectively from 300 to 320 metres 
and 600 to 620 metres. These sets of values 
are all illustrated by curves in Fig. 3 bearing 
the same distinguishing letters. 

The most important point to note with 
regard to Fig. 3 is that none of the curves 
shown there approximate very closely to a 
straight-line relationship. The same thing 
is evident from Table II. None of the 
difference of wavelength columns show a 
constant increase in wavelength per 20 scale 
divisions on the dial. 

From Figs. 2 and 3 we have this definite 
result. While a “square law” variable 
condenser possesses the advantage that over 
certain parts of its dial, a fairly close ap- 
proximation to a straight-line relationship 
between wavelength and dial reading is 
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obtainable (see Fig. I and parts of the curves 
in Fig. 2), the older type of variable condenser 
with semi-circular vanes possesses the ad- 
vantage that, as its tuning range is reduced, 
the relationship between wavelength and 
dial reading approaches more and more 
closely to the straight-line type. With a 
small condenser having semi-circular vanes 
(tuning range 20 metres or thereabouts) there 
is a most definitely defined straight-line 
relationship between wavelength and dial 
reading. 

Let us now see how the two types of 
variable condensers compare when we con- 
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sider the relationship between frequency and 
dial reading. For each wavelength given in 
Table I., it is easy to find the corresponding 


frequency in kilocycles. The frequency 
TABLE III. 

E Lia ace 
JER ex e esp dr 
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78 ZI | 3 

6o 600 696 | 825 | | 961 | | 490 
60 | 56 |! 3 

80  |.540 640 | 785 ` 949 487 
40 | 40 || 35 |, 12 3 

100 500 Ser 750 | 937 484 
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values obtained are shown in Table III. For 


- ease of calculation, the formula 


300,000 


o kasto Sa Wavelengths 


(kilocycles) 
has been used. 


Sections K, L, M, N, and O of Table III. 
correspond respectively with Sections A, B, 
C, D, and E of Table I. The variable con- 
densers are all of the semi-circular vane type. 

The numerical results given in Table III. are 
illustrated in Fig. 4, the same distinguishing 
letters being used. It will again be noticed 
that there is a decided approach to a straight- 
line relationship between the two quantities 
under consideration (frequency and dial 
reading in this case) as the tuning range of 
the condenser is decreased. 

Curve N is practically a straight line. 
Curve O is also very nearly a straight line. 
The frequency difference per 20 divisions 
on the condenser dial is different however 
for the two curves, being 13 for curve N and 
3 for curve O. 

The numerical values given in Table IV. are 
obtained directly from Table II. by means of 
the above frequency wavelength formula. 
The different sections of Table IV. are illus- 
trated in Fig. 5, the same distinguishing 
letter being used for section of table and 
corresponding curve. 

The peculiar shape of the curves P and Q 
in Fig. 5 should be noticed. These two 
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curves bend to the right at the top of the 
diagram and to the left at the bottom of the 
diagram. The corresponding difference in 
frequency columns in Table IV. show this 
peculiarity, for the numbers in those columns 
first increase and then decrease. In none of 
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the five curves shown in Fig. 5 is there a 
close approach to a straight-line relationsbip 
between frequency and dial reading. 
Hitherto we have dealt with variable con- 
densers with moving vanes of the (i.) semi- 
circular and (ii.) “ square law ” type which 
tune circuits over the following ranges :— 
Wavelength 1. 300 to 600 Metres ; 
2. 300 to 500 metres ; 
3. 300 to 400 metres ; 
4. 300 to 320 metres ; 
, 5. 600 to 620 metres ; 
or in frequencies I. 1,000 to 500 kilocycles ; 
2. 1,000 to 600 kilocycles ; 
. 1,000 to 750 kilocycles ; 
. 1,000 to 937 kilocycles ; 
. 500 to 484 kilocycles. 


Our results may be summarised thus :— 


As the tuning range of a variable condenser 
with semi-circular moving vanes is reduced 
there is a rapid approach to a straight-line 
relationship between wavelength and dial 
reading. For a small semi-circular vane 
condenser, tuning range 20 metres, there is 
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a practically exact straight-line relationship 
between wavelength and dial reading. 

With a variable condenser having “ square 
law ” moving vanes, a straight-line relation- 
ship between wavelength and dial reading 
exists only for a certain portion of the dial, 


TABLE IV. 
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usually embracing the higher readings. 
There is no marked approach to straight-line 
relationship as the tuning range of the con- 
denser is decreased, or at least there is not 
the same degree of approach to a straight- 
line relationship as in the case of a condenser 
with semi-circular vanes. 
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When dealing with fre quency, the variable 
condenser with “ square law ”?” moving vanes 
gives nothing like a straight-line relationship 
between frequency and dial reading. The 
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variable condenser with semi-circular moving 
vanes shows the same approach to a straight- 
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line relationship between frequency and dial 
reading as the tuning range is decreased as 
it did in the case of wavelength and dial 
reading. 

All the above points indicate that the older 
type of variable condenser with semi-circular 
moving vanes is a better instrument for 
obtaining a straight-line relationship than 
the newer condenser with so-called “ square 
law ” moving vanes. 

Figs. 6 and 7 show curves indicating the 
type of relationship between wavelength and 
frequency and the dial reading of both 
types of condenser having a tuning range 
of 1,000 to 2,000 metres (300 to 150 
kilocycles). There is here in each case a 
big divergence from a straight-line type of 
relationship. 


Long-Distance Work. 


By Hugh N. Ryan (SBV). 


Easter, the winter can be considered 
to have come to a definite end, and as 
it has been our first winter on 45 metres it Is 
interesting to look back and see what winter 
means to us now. We all know what it 
meant before, on 190 and 200 metres—it was 
just the only time of the year when any 
long-distance work could be done, and even 
then one had to sit up all night for it. The 
old-timers will never forget those cold nights. 
After a steady descent in wavelength, 
starting at 1,000 metres soon after the war, 
I think we have now found our final and 
most useful waves to be between 35 and 50 
metres. Having used these waves for a vear 
there is no doubt that they are much more 
useful in the summer than in the winter. 
Contact with the whole world has been 
maintained throughout the winter, with no 
verv large gaps, but not on anything like 
the same scale as last summer, when there 
were many less stations on this wave. This 
being the case, we may look forward to a 
pretty busy summer. 
OVP, who was recently reported to have 
worked U.S.A. on very low power, is now 


A FTER the weather which prevailed at 


[R009.2 


doing it regularly, and has also added Brazil 
to his QSO list. Judging by results, this 
must be about the most useful low-power 
station in the country. 

5QV's long-awaited change of QRA will be 
an accomplished fact by the time this 
appears, and he will be glad of reports from 
all parts on signals from the new station. 

6TD, who has for a long time been doing 
excellent work with both the Americas, is 
now at last in touch with Australia. 

2LZ, who used to be heard working every 
part of the globe, has become interested in 
the “weather and DX ” problem, and- is 
now engaged exclusively on its svstematic 
investigation, in collaboration with an 
American station. 

5NJ has some fairly high-power phone 
going now, and I have heard him working 
to Australia with it, but it does not vet 
appear to be functioning very well. No 
doubt it will soon be as good as his low- 
power speech, which is very good indeed. 
_ The most noticeable thing about all the 
month’s work is the comparative ease with 
which one can still work Australians, and the 
great difficulty of working New Zealanders. 
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Effective Resistance of Inductance Coils 
at Radio Frequency.—Part II. 


By S. Butterworth. 


[R144 


(Admiralty Research Laboratory, Teddington.) 


5. Alternating Current Resistance of Two 
Parallel Wires. 


This is the simplest case in which the 
theory may be applied. If the current is 
I and the axes of the wires are separated by 
a distance c, then each wire is situated in a 
field of intensity 21/c due to the current in 
the other wire. The eddy loss due to this 
field is obtained by replacing H by 21/c in 
(10) and we then have for both wires 


W, = RI?Gd?[c? (15) 


so that the increment in resistance due to 
this loss is 
R, = RGd?2/c? (16) 


Adding this to the A.C. resistance R, of a 
solitary wire the total resistance is 


R. = R,+-Ri=R(I4+F +Ga2/c2) .. (17) 


This formula is only accurate if d/c is not 
too large. 

When the wires are close together so that 
djc is nearly unity we can no longer neglect 
the fact that the induced eddy currents 
distort the field in the plane containing the 
axes of the two wires. In fact the two terms 
of (17) are the first two terms of an infinite 
series. The next term has been calculated 
and it has been found that (17) must be 
replaced by 


R.=R(I4+F+Gd?2/c?+GHad'/ct++ ....) (18) 


in which H is a new function of z having 
the following values :— 


z T o I | 2 3 | 
H S| 0.042 0.053 | 0.169 0.348 
l 0.042 0.033 —0.056 | 


0.466 | 
—O.I52 |—O.I70 —O.IS5 


If we assume that the remaining terms are 
in geometrical progression and therefore 


write 
= Gd?/c?2 
Ror RI ae 1 Ade 


we obtain a formula which is in close agree- 
ment with experimental results for values 
of d/c up to 0.9. 


6. Single-Layer Systems of Spaced Parallel 
Wires. Short Coils. 


Formula (17) will clearly also hold for a 
two-turn coil provided that c is small com- 
pared with the radius of the coil and that 
d/c 1s not too large. 

If we take three coplanar parallel wires of 
equal axial separation c, the field acting on 
each of the outer wires due to the current in 
the remaining two is 31/c and there is no 
field acting on the middle wire. 

Thus the mean square field for all three 
wires is 


(19) 


(3? ++0+3?)[2/3c2=612/c2 

Using this in (10) we obtain for the mean 
value of R, | 
R,=1.5 RG d?2/c? 

where R is the D.C. resistance of one wire. 
For all three wires in series we simply 
multiply by 3, or, what is the same thing, 
regard R as the D.C. resistance of the whole 
system. Thus for a system of three wires 
the A.C. resistance formula is 


R:=R(1 HF +1.5Gd?2 c?) (20) 


large Wu 
0.750  Goand Return 
0.250 , Currents in same direction 
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The same procedure may be applied to any 
number of coplanar, equally spaced, parallel 
wires and in general we get 


R.=R(1+F +uGa?/c?) (21) 


in which w depends upon the number of 
wires in the system. Thus we have 


8 
2.37 


No. of wires 2 


2.16 


The last number has been obtained by inte- 
gration, the exact value being 72/3. 

Formula (21) is clearly applicable to 
solenoidal or disc coils provided they are 
single layer and of winding length or depth 
which is very small compared with the coil 
radius. 


7. Single-Layer Spaced Solenoids. 


Turning now to the case where the ratio 
of winding length to coil radius is no longer 
small we may still regard the wire in an 
individual turn as practically straight, as 
our loss formulæ would only cease to be 
valid if the curvature of the wire were com- 
parable with the wire diameter. Such a 
condition will scarcely ever occur in practice. 
The general field acting upon the wire is, 
however, considerably altered by the curva- 
ture of the surface of the coil. 


A 
oF 


a b 


Fig. 4 (a) shows the symmetrical distribution of the 

lines of force about the central turn of a very short 

solenoid; (b) shows the distribution of the lines of 

force in a long solenoid when the central turn is 

present (upper part of figure) and when it is absent 
(lower part of figure). 


In the case of the straight system of wires 
the field acting upon one wire is perpendicular 
to the plane of the system, so that in very 
short solenoids the field is practically parallel 
to the coil radius, the lines of force being 


310 


2.51 


EXPERIMENTAL WIRELESS & 


disposed symmetrically about the central 
turn as in Fig. 4(a). As the length of the 
solenoid gets greater, however, the con- 
centration of the lines in the interior of the 
solenoid causes the lines of force to cut 
across the wires of the coil in a direction 
inclined to the radius, so that we have to 


IO 


consider two components of the field, which 
are parallel to the coil axis and the coil 
radius respectively. For the central turn 
the axial field only is present, but for the 
outer turns the radial field predominates. 
The existence of a field parallel to the axis 
at the central turn will be understood when 
we bear in mind that the field playing on 
the wire is that due to the remaining turns. 
Thus (see Fig. 4), if we suppose the central 
turn removed, the lines of force within the 
coil extend into the gap as shown and thus 
give an axial field component through the 
centre of the central wire. Although this 
field is distorted by the field due to the 
current in the central wire, it is the true 
field to use in calculating the general field 
losses, as has already been explained in the 
preliminary survey. 

In the case of an infinitely long solenoid, 
if the pitch of the turns is c the field inside 
the solenoid is 471/c and outside the sole- 
noid is zero. Ifa turn be supposed removed, 
then in the neighbourhood of the gap the 
field changes rapidly from 47J/c to zero 
as we pass through it, so that the field acting 
in this space may be taken as 271/c. Using 
this in the loss formula (10) and proceeding 
as in the last section we obtain for the A.C. 
resistance of any one turn a formula pre- 
cisely similar to (21), in which the value of 
u is 7, 

In the case of finite solenoids it is necessary 
to calculate the axial and radial field com- 
ponents at every point and then determine 
the mean square value throughout the 
turns. It is convenient to distinguish” be- 
tween the contributions of the two field 
components; otherwise our formula is 
precisely the same as (21), the following 
values of w holding for various ratios of 
coil length to coil diameter. 
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VALUES OF 4 FOR SINGLE LAYER SOLENOIDS 
OF MANy TURNS (SPACED). 
D = diameter of coil. b= length of coil. 


u, = contribution of radial component of field. 
4: = contribution of axial component of field. 


b/D | LRA u, u=u, +u: 
0.0 3.29 0.00 3.29 
0.2 3.13 0.50 3.63 
0.4 2.83 1.23 4.06 : 
0.6 2.51 1.99 | 4.50 
0.8 2.22 „, 2.71 4.93 + 
1.0 1.94 .- 3.35 | 5.29 
2 1.I1.' L 5.47 | 6.58 
4 0.51 7-23 7-74 
6 0.31 8.07 8.38 
8 0.21 8.52 8.73 
IO O.I7 8.73 | 8.90 
Inf. 0.00 9.87 | 9.87 


l 


The above values will not hold for coils 
of few turns, as 4 depends upon the turns 
as well as the shape of the coil. 
bably possible to calculate the value of u 
in these cases by assuming each turn to be 
a separate circle. The above values are, 
however, probably sufficiently accurate for 
purposes of design, as the approach to the 
final value as the turns increase appears to 
be fairly rapid in the case of the short coils 
of Section 6. 

It is interesting to notice that if the length 
of the coil is less than its diameter w is very 
nearly 3.29+2b/D. -> 7 


8. Single-Layer Disc Coils. 


Single layer disc coils may be treated by a 
method similar in principle to that for sole- 
noids. The field is in this case entirely 
perpendicular to the plane of the coil. If 
D is the overall diameter of the coil and ¢ 
is the winding depth, the factor w in formula 
(21) is a function of ¢/D which is given in 
Table III. 


9. Closely-Wound Single-Layer Coils. 


The simple formula (21) is only accurate 
when d/c is not too large. When the coil is 
closely wound and the frequency is high, 
the distortion of the current distribution in 
each turn becomes so pronounced that it is 
no longer permissible to regard this current 
as concentrated at the centre of the wire in 


31I 


It is pro- 


May, 1926 


calculating the field acting on each turn. 
If we recall the principle that the effect of 
he eddy currents is to force the magnetic 
field round rather than through the wire, 
it will be seen that in the case where the 
field is cutting across the wires transversely 
the eddy currents induced in any one turn 
increases the intensity of the field acting 
upon its neighbours, so that the simpler 
theory underestimates the losses. lf, on 
the other hand, the field is tangential to the 
turns the eddy currents in one turn reduce 
the intensity of the field acting on neigh- 
bouring turns and the simple formula over- 
estimates the losses. Thus in the case of 
an infinite solenoid at very high frequencies, 
we find, on inserting in (21) the appropriate 
values of u, F and G, that when the turns 
are practically touching, the A.C. resistance 
of the coil should be 5.94 times the A.C. 
resistance of the same wire when straight. 
If, however, the field due to the eddy 
currents is taken into account the multi- 
plier is reduced to 3.41. 


TABLE III. 
VALUES OF 4 FOR SINGLE-LAYER DISC 
COILS OF MANY TURNS (SPACED). 


D=overall diameter of coil. 
t=winding depth of coil. 


| 


t/D “ t/D u“ 
o = peza | 

0.000 3.290 0.250 4.749 
0.025 3.315 | 0.275 5.041 
0.050 3.373 || 0.300 5.364 
0.075 3459 || 0.325 5.718 
0.100 3.507 | 0.350 6.104 
0.125 3.702 | 0.375 6.523 
0.150 3.859 | O.400 6.968 
0.175 4.042 0.425 7.436 
0.200 4.251 | 0.450 7.911 
0.225 4.486 0.475 8.354 
0.250 4-749 0.500 8.038 


The mem ak theory taking into 
account the external field developed by the 
eddy currents is rather complicated, but 
the writer!” has succeeded in developing 


13 For the full theory of closely-wound coils see 
Proc. Roy. Soc., A, Vol. 107, p. 693, 1925. 

The experimental example is from Professor 
Howe's paper, ‘‘ The High Frequency Resistance of 
Wires and Coils,” Journ. 1.E.E., Vol. 58, p. 152, 1920. 
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relatively simple formule to cover the case 
of closely-wound coils which hold for sole- 
noids of any length when the turns are 
many and for very short coils when the 
turns are few. 

The formula for the many-turn coils is 


R,=R ta(1--F) +(Bu,t+yus) Gd2/c?} ... (22) 


where a, B, y depend both on d/!c and on 
z as in the following Table.“ 


14 Formula (22) is applicable to disc coils as well 
as solenoids, the value of #, being zero in this 
case. 
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as to show that it is not advisable to employ 
very closely-wound coils ; so that the simple 
formula may still be used for efficient coils 
for practically all frequencies. The more 
elaborate formula has, however, been useful 
in checking the experimentally found resis- 
tances for closely-wound coils, and it has been 
shown that in coils where reasonable pre- 
cautions have been employed in regard to 
the surrounding dielectric the measured 
resistances agree with the experimental 
values. In fact in a case where the losses 
were measured by determining the rise in 


TABLE IV. 


| z=1. 
djc | E 
| a | B | y. a. | 
p E elo — —— — = = 
1.0 I.OI | 1.02 0.96 1.09 
0.9 1.00 : 1.02 0.97 1.06 
0.8 1.02 0.98 | 1.04 
0.7 | 1.02 0.98 1.02 
0.6 1.01 0.99 | 1.00 
0.5 1.01 0.99 
o4 | 1.01 0.99 
03 «| 1.00 1.00 | 
0.2 | 
O.I | | 
2=4. | 
djc 
a | B | y | a. | 
I.O 1.43 3.61 0.43 | I.50 
0.9 1.30 2.75 049 | 1.37 
0.8 1.21 212 , O55 : 1.25 
0.7 I.12 1.71 | 0.62 | 1.15 
0.6 1.07 1.51 0.70 1.09 
0.5 1.03 | - 1.32 0.78 1.04 
0.4 1.02 | 719 | 0.85 1.02 
0.3 1.00 I.IO 0.91 1.00 
0.2 1.04 0.96 
O.I | rox 0.99 


VALUES OF a, B, y IN FORMULA (22). 


2=2 2=3 
B | y a B. | y- 
| 
1.34 0.67 1.31 2.29 0.49 
1.29 0.72 1.20 — 1.99 0.55 
1.23 0.78 1.13 1.73 0.62 
1.18 ' 0.83 1.08 1.52 0.68 
1.13 0.87 1.04 1.36 0.75 
1.09 0.91 1.02 1.24 0.82 
1.06 0.94 1.01 1.14 0.88 
1.04 0.97 1.00 1.06 0.93 
1.01 0.99 1.03 0.97 
1.00 1.00 I.OI 0.99 
| 
2=5 | z=inf. 
B | E B | Y 
| ny 
4.9I 04I © IJI , inf 0.35 
3.39 0.46 1.55 | 12.45 0.39 
2.48 0.53 1.41 4.83 0.44 
1.94 0.60 | 1.27 | 2.87 0.52 
1.60 0.68 | 1.16 | 2.03 0.60 
1.37 0.76 1.08 1.59 0.69 
1.22 0.84 1.03 | I.33 0.78 
I.II 0.90 10I | 4.17 0.87 
1.05 0.96 1.00 ` 1.07 0.94 
| 1.02 0.98 


099 `' | 


| 


It will be seen that the factors a, B, y 
trend towards unity as d/c and z get smaller. 
When z is less than unity the simple formula 
(21) will cover all possible values of d/c. 
For greater values of z, the simple formula, 
as will be shown below, indicates a value 
of djc giving minimum losses which is such 


temperature of the central turn of a fairly 
long solenoid, the theory shows that it is 
the losses due to the tangential field only 
that are being measured, the losses due to 
the transverse field, occurring as they do 
mainly at the ends of the coil, having very 
little effect upon the central temperature. 
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In a particular case when z was equal to 
21.6, the ratio of A.C. to D.C. losses was 
found by the above method of measurement 
to be 21.8 when the spacing was such that 
dic=o0.9. The above formula gave the loss 
ratio as 27.8 when all the losses were taken 
into account and 22.5 when the transverse 
field losses were ignored. The latter value 
is in very fair accord with experiment, 
particularly when it is remembered that the 
theoretical formula assumes “infinite ” 
turns. For a loosely-wound coil (d/c=o.5), 
theory gave the ratio of the losses as 14.1 
and experiment 14.0. In this case the losses 
are largely the mere skin losses, and are 
therefore distributed practically uniformly 
over the coil. The example seems to indi- 
cate that the “ central ” temperature method 
of estimating the A.C. losses fails to take 
into account the extra end losses, and this 
is borne out by a consideration of the thermal 
constants of the coil. 


10. The Correction for Self-Capacity. 


In establishing the formula for the copper 
losses we have assumed that the current is 
the same in every turn of the coil. Actually 
this is not so at radio frequencies, because 
of the distributed self-capacity. As regards 
the reactance, the self-capacity is allowed 
for by assuming that the coil is shunted by 
a small condenser, and this assumption is 
justified by measurement. As regards the 
resistance, we can no longer appeal to 
experiment, but if we assume that the 
distributed self-capacity, is sufficiently repre- 
sented by an end capacity, it is easy to show 
that when the reactance of the coil is large 
compared with the resistance the measured 
A.C. resistance of the coil is given by 


R' = R,| (I—w? LC)? (23) 


where L is the inductance of the coil, C is 
its self-capacity and w/27z is the frequency. 

As to whether this end capacity assump- 
tion is justifiable has been the subject of a 
great deal of discussion, but Breit!® has 
shown that in the case ot very short coils 
there is theoretical justification for the 
formula, and has supplied the correction 
which will carry us right through the reso- 
nating frequency of the coil. His corrected 
formula shows that (23) is good enough for 


15 Bureau of Standards, Scientific Paper No. 430,1922. 
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most practical purposes for frequencies 
lower than about one-third the resonating 
frequency. Now, although the writer does 
not entirely agree in regard to the truth 
of Breits formula, yet his conclusion in 
regard to the range of (23) is probably 
sound. In the neighbourhood of the reso- 
nating frequency, Breit’s more elaborate 
formula is only valid for that portion of the 
copper resistance which we have repre- 
sented by Rs. There is a different correc- 
tion for the portion of the resistance which 
depends upon the mean square field acting 
upon the coil, as the latter does not follow 
the same law of distribution as the mean 
square current when we take into account 
the variation of current from turn to turn 
of the coil due to the flowing off of the 
dielectric current. It is not proposed, how- 
ever, to deal with this in the present article. 

It will be seen from formula (23) that it is 
a distinct advantage to use coils of low self- 
capacity even from the point of view of 
copper losses, as the circulating currents 
due to the self-capacity cause loss of energy 
in the copper portions of their paths. This 
added resistance due to self-capacity is thus 
a true copper loss. It is sometimes found 
that stray wires attached to coil terminals 
cause an appreciable increase in resistance 
of the coil. This may be in part accounted 
for by the resulting increase in the apparent 
self-capacity of the coil, especially when 
the coil is being used near its own natural 
frequency. 


11. Single-Layer Coils at High Frequencies. 


When the frequency is so high that the 
approximations (9) and (14) hold for 1+ F 
and G, formula (21) assumes the simple 
form 

A 
Vv Be (24) 


where A is the wave-length in metres and, 
for copper, A and B have the values 


A = 660 Rd (1+ a 
1 R (x = 15) 


Now, in such cases it has been found 
experimentally that the measured effective 
resistance, after due correction for self- 
capacity, fits very closely a formula of the type 


R= 


B = (25) 
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R toj 6 with 13 turns of No. 22 D.s.c. wire, the whole 
= FA: (20) being held together by wax and silk tape. 


and the value of A' required to fit (26) 
agrees closely with the value of A in (24). 
We need not trouble much about the term 
B in (24) as it is usually so small that it is 
within the error of measurement. There 
seems to be no doubt therefore, that the 
first term in (26) is that due to the copper 
loss in the coil. As regards the second term 
it must be noted that in all cases where a 
formula of this type has been found to fit 
the experimental facts, the method of 
measurement employed has been the well- 
known resistance variation method, in which 
the coil forms part of a resonating circuit 
containing an air condenser which is assumed 
free from loss. It may be that a portion of 
this term is really due to loss which does 
not occur in the coil at all. This view seems 
to be supported by the few reliable measure- 
ments which have been made in which the 
method does not involve a resonating con- 
denser. There is not, however, sufficient 
evidence at present to decide this question. 

As regards the relative values of the two 
terms in (26) the following experimental 
results are of interest: Table V. gives the 
details of measurement and analysis in the 


The measured inductance of the coil was 
100uH and the self-capacity 20upF. 
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Fig. 5. Showing how A’ and B' in the formula 


Rm = At 4 = (26) may be found by plotting 


VA 
Rm A® against Aŝ and finding the slope (A’) and the 
intercept on the vertical axis (B) of the resulting 
straight line. 


The values of A’ and B’ used in the 


case of a single-layer coil of 23.5 cm. dia- Table are 
meter and winding length I.0cm. wound 4'=49.7, B'=7.0X 10+. 
TABLE V. 


SEPARATION OF LOSSES IN SINGLE-LAYER COIL. 


Rm=R,(I—w?LC)?. (See formula 23.) 
B’/A2 =term due to remaining losses. 
The values of A’ and B’ are found by plotting R,,A? against A3/? as in Fig. 5. If (26) is valid the result 


should be a straight line the slope of which determines A’ and the intercept on the vertical axis determines 
B’. The figure and the smoothed values of R,, show that the law holds for this coil. 


R,= measured A.C. resistance. 
A’/V }=term due to copper loss. 


A | R, 


Ras | Smoothed R,, Cu. loss. 
EJEA. it | 
(Metres.) (Ohms.) (Ohms.) | | (Ohms.) Total loss. 
| | 
206 112 5.00 3.40 1.65 5.05 0.67 
229 6.2 4.04 3.30 1.34 4.04 0.71 
260 5.2 4.16 3.09 1.02 get | 0.75 
294 4:3 3.61 2.90 0.81 3.71 0.78 
350 3.5 3.10 | 2.66 0.57 3.23 0.82 
403 | 2.8 2.62 2.31 0.33 2.64 0.87 
500 | 2.6 2.46 2:22 0.28 2.50 0.89 
543 2.5 2.38 2.14 0.24 2.38 0.90 
2.30 2.06 0.20 | 2.26 0.gI 


584 | 2.3 
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The D.C. resistance of this coil was 0.444 
ohm, so that we find from (25) 


Thus the term depending upon wave-length 
agrees very closely with the value deduced 
from the measurements, while the constant 
term is very small. 

The values for six other coils are given 
in Table VI. below. 
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12. Effect of Spacing in Single-Layer Coils. 


Suppose a single layer coil to be wound 
with various gauges of wire, keeping the 
pitch of the turns constant. Under these 
circumstances the inductance would remain 
practically constant, but an examination of 
(25) shows that the resistance will pass 
through a minimum value for a particular 
gauge of wire. To prove this, notice that 
since R is inversely proportional to the 


TABLE VI. 
Coil | D b d c Inductance | _ Observed . = | Calcd. 

| cm. cm. mm mm. (pH.) A’ | B’ A’ B’/L2, 
1 | 31 1.8 2.2 2.6 36 9.5 2.14 X 104 10.4 16.4 
2 | 19 5 2.6 2.0 2.4 43 11.8 2.15 » 11.2 11.5 
3 | 22.6 2.0 0.7 1.5 75 25.1 74 » 25.5 13.1 
4 | 20.0 6.5 3.0 3.6 80 14.3 7.0 4, 13.2 10.9 
5 | 19.6 2.15 LI 1.4 84 25.5 707 25.6 IO.O 
6 23.5 1.0 0.7 0.8 100 50 70 45 51.0 7.0 
7 17.5 7.3 1.62 1.8 320 56 1.7 X 108 55.0 16.5 


It is interesting to notice that if B is 
divided by the square of the self-inductance 
of the coil, as in the last column, the result 
is of the same order of magnitude for all the 
coils. This is the result we should expect 
if the coils were all shunted by a consiant 
high resistance of the order of 0.2 to 0.4 
megohm. 

The values for coils 3, 6 and 7 are from 
measurements taken at the N.P.L. about 
six years ago using the best condensers then 
available. It is understood that since then 
better condensers have been constructed, 
and it would be of interest to have a corre- 
sponding series of values with these new 
condensers. | 

The remaining coils were measured by 
Lindemann and Hiiter.1® 

Although great stress has been laid in this 
section upon the loss outside the copper, 
the copper loss is usually the predominant 
factor, as is seen from the last column of 
Table V. The coil of this Table is one which 
would normally be used at a wave-length 
in the neighbourhood of 350 metres, so that 
then the copper losses are 82 per cent. of 
the total losses. 


16 Verh. Deutsch. Phys. Gesellschaft, Vol. 15, p. 
219, 1913. 


square of the wire diameter, the quantity 
d Thus A 


cĉ 
is equal to the sum of two terms which have 
a product independent of the diameter. 


A is proportional to z + zu 


The two terms may therefore be regarded 
as the two sides of a rectangle, and variation 
of the diameter is equivalent to alteration 
of the shape of this rectangle keeping its 
area (product of sides) constant. The sum 
of the two sides is half the periphery of the 
rectangle, so that the periphery of the rect- 
angle measures the size of the quantity A. 
Now, for rectangles of equal area, the one 


with the least periphery is a square. The 
value of A is then the least when 

I 1, d 

d 2 cĉ 

INCI 
or T= y2 (27) 


Now, at very high frequencies, (24) shows 
that the copper loss is proportional to A, so 
that the condition of minimum loss is then 
given by (27). Using this value of d in 
(24) and neglecting B we find that the 
minimum value of the copper resistance at 
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very high frequencies is given by: the 
formula 


laju = 
R. = 0.00207 N = »» (28) 


the D.C. resistance having been expressed 
in terms of the length / of the wire, the resis- 
tivity of copper (I.7 X IO~$ ohms cms.) and 
the diameter of wire as expressed by (27). 
R. is in ohms when J, c are in cms, and A is 
in metres. 


In support of this theory we may quote 
the following experimental results*: A set 
of coils were wound on formers each of 
diameter 3 in. and winding length 2 in. and 
each having 53 turns. The gauges of wire 
varied from coil to coil, and curves were 
obtained connecting d/c with resistance for 
various wave-lengths. Thus for the case 
of X= 300 metres the following smoothed 
values were read from the curves. 


djc .. 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 


Ry 12.5 7.4 54 4.7 4.6 4.8 5.5 7.1 ohms. 


* The writer is indebted to the Federal Telegraph 
and Telephone Co., New York, for permission to 
make use of these results. | 
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Now, for this coil «=4.62, so that by (27) 
the best value of d/c should be 0.66 and then 
by (28) the copper resistance is 3.3 ohms. 
The best spacing is in close agreement with 
experiment, and the value of the copper 
resistance is then 70 per cent. of the measured 
value. 

The curves for 200 and 500 metres show 
similar minima at d/c=o.6 and the minimum 
values indicate that the copper losses as 
given by (28) are 65 and 78 per cent. respec- 
tively of the total losses. These percentages 
are of the same order as those discussed in 
the last section. 

As regards the measured resistances at 
closer spacings, the theoretical formula (21) 
does not give as rapid an upward trend as 
the curves indicate, but comparison with the 
more elaborate formule for close windings 
shows that this upward trend may still be 
mainly due to copper loss. 

Theory and experiment therefore show 
that formula (27) is reliable for determining 
the best gauge of wire to use'for a single- 
layer coil of any given shape. The question 
of the best shape of coil is deferred until we 
have dealt with the formule for multilayer 
coils. 
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Mercury Contact Switches and Connecting 
Boards. 


By T. B. Baker. 


UMEROUS articles have appeared, 
N «esiis with switches of various types 

and their application to experimental 
work. Those of the mercury contact type 
appear to have been quite overlooked. 
However, they are extremely adaptable for 
all purposes, especially where quick changes 
of connections are required, and a perfect 
electrical contact of practically negligible 
resistance is assured, this being a very 
important item, especially in wireless work. 
They also have the advantage of being 
very simple to construct, are practically 
indestructible, have no mechanical parts to 
wear, and are inexpensive. 

Switches of this tvpe are frequently used 
in experimental laboratories, but probably 
have not found more general favour on 
account of the use of mercury, which is so 
easily upset. This is overcome by using a 
plastic amalgam in the place of pure mercury, 
which, being made in a fairly, stiff paste, is 
not easily upset, and can be picked up and 
replaced if accidentally knocked out. The 
amalgam consists of a combination of 
mercury and tin, or mercury and lead; the 
former is possibly the better as it amalga- 
mates rather more readily, and there is not so 
much tendency to oxidise as with the lead, 
though lead amalgam answers quite well. 

The best way to prepare the amalgam is 
to take by weight about two parts of 
mercury to one part of clean metal, and heat 
them together in a porcelain crucible or iron 
vessel—which must not be tinned—until the 
solid metal just melts. It should then be 
well stirred with a glass or iron rod to assist 
the thorough amalgamation of the two, and 
while still liquid any dirt should be taken 
off. When cold, the amalgam should be a 
fairly stiff paste, so that when a copper wire 
is inserted the amalgam will entirely close 
in around the wire. If, when the amalgam 
is cold, the paste is too stiff, a little more 
mercury must be added, or if too liquid a 
little more of the metal, and the whole again 
heated until it becomes just liquid. If there 
is no immediate hurry the amalgam can be 
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made by putting the mercurv and metal in 
a glass or earthen vessel and left for some 
time, an occasional shake or stir being given 
to assist the amalgamating. 

It may be advisable to mention for the 
benefit of those who have not previously 
used mercury, that it will amalgamate with 
most metals, upon many of which it has a 
very detrimental affect. Care should there- 
fore be taken to avoid their coming into 
contact with it or with the amalgam. After 
the latter has been standing in the cups for 
a time, without use, the top surface will 
often appear to be hard, but a slight stir 
with the connector, when inserting, will 
make it quite plastic again. 

The bases for these switches and boards 
can be made either of ebonite or wood, and 
if the latter are thoroughly dried and 
impregnated with pure paraffin wax, the 
insulation will be very good. A good hard 
wood should be used, about } in. to 2 in. 
thick, teak being probably the best. When 
impregnating wood bases, they should first 
be dried out as far as possible in a warm oven, 
care being taken not to scorch the wood ; 
they should then be entirely immersed in 
boiling paraffin wax, and left until all the 
air is driven off. The actual time required 
will depend upon the nature of the wood 
used. They are then taken out, the super- 
fluous wax shaken off, and hung or stood on 
edge to dry; any wax adhering can after- 
wards be scraped off. 

The general arrangement of all the bases 
is the same, consisting of holes or holes and 
slots, into which terminals are inserted. 
The holes can be made with either a wood 
centre bit or a twist drill. If a centre bit is 
used, care must be taken that the centre 
point does not go right through the base, 
except in the case where contact screws are 
to be inserted from below. The slots are 
easily made by drilling a series of holes side 
bv side and finishing with a chisel or gouge. 
It will be found an advantage, and will also 
save time, to fix a depth gauge to the drill, 
to ensure that all the holes are the same depth. 
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This can be accomplished by slipping a metal 
or wood collar over the drill and fixing with 
a set screw as shown in Fig. I. The diameter 
of the holes and width of the slots should be 
kept as small as possible, so as not to require 
too much amalgam. About + in. will be 
found ample for the switches and 4 in. or even 
less for the connecting boards. It is best to 
make the holes and slots fairly deep, say 


' Fig. 1. 
Drill fitted with collar to control drilling depth. 


about § in., so that the amalgam is kept 
well below the surface of the switch, and thus 
less likely to be knocked out, only just 
sufficient amalgam being used to ensure a 
good contact. Any standard type of ter- 
minal will answer, and the screw should be 
just long enough for the tip to enter the cups 
and troughs. Fig. 2 shows in section a cup 
with the screw inserted. 

If ebonite is used for the bases, the hole 
should be drilled and tapped, the terminal 
screw being dipped in shellac varnish and 
screwed up tight. The varnish, when set, 
will prevent any tendency for the screw to 
turn, and also will seal it to the ebonite and 
prevent any creeping out of the mercury. 
If taps are not available, the hole should be 
drilled slightly smaller than the terminal 
screw, the screw being warmed and inserted. 
The ebonite will become pliable when warm 
and will set firmly around the thread when 
cold. 


Fig. 2. 
Section showing the cup and terminal making contact. 


When wood bases are used, all the holes 
and slots should be made before they are 
impregnated with the wax, the holes for the 
terminal screws being made slightly smaller 
than the screw. These are inserted into the 
wood without any previous tapping, but 
they should be slightly warmed in order to 
melt the surrounding wax so that when cold 
they will be firmly sealed in. If the bases 
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are not to be impregnated, the screws should 
be put in with shellac varnish in the same 
way as described for ebonite bases. The 
wood bases should previously have been well 
dried, and it will be advisable under these 
conditions to give them finally a good coat 
of shellac varnish all over. 

The ends of all screws that project into 
the cups and troughs should be amalgamated 
with mercury before they are screwed into 
position; this will ensure the amalgam 
adhering to the screw to form a perfect 
electrical contact. The simplest method of - 
doing this is to dissolve a very small quantity 
of mercury in a little nitric acid; dip the 
tip of the screw into the solution for a 
moment, and immediately wash thoroughly 
in water, when a fine deposit of mercury 
will be left on the part that was immersed 
in the liquid. The solution is very poisonous 
and must therefore be used with great care, 
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Fig. 3. Plan view of base. 

and it should be kept in a glass stoppered 
bottle. If the ends of the screws have been 
lacquered, this must be cleaned off first, 
and should be kept free from grease until 
the amalgamating is done. If they are 
merely tarnished, the acid will remove that 
at the same time as the mercury is being 
deposited. 

The four-cup base shown in Fig. 3 is prob- 
ably the most simple, but at the same time 
1t is an extremely adaptable type of connec- 
tor. It consists of four cups at an equal 
distance from each other. Three types of 
connectors are used in connection with this 
base: a single, two-way of double-pole, and 
a two-way cross-over. The single way will 
be required in two sizes, one for straight over 


THE WIRELESS ENGINEER 


connections, the other for diagonal connec- 
tions. These connectors can be made either 
of fairly stout copper wire, say about 14 
S.W.G., Or of copper strip, the latter being 
probably the easier to mount up for the 
double-pole and cross-over connectors. 

Fig. 4 shows two methods of constructing 
the single-way connector, the one of copper 
strip with an ebonite ‘knob, the other of 
copper wire with a Systoflex sleeve. It is 
not absolutely essential to insulate the 
simple connectors, but it is preferable, as 
earthing through the body is avoided when 
making changes; also, where high voltages 
are used, there is less chance of a shock. 


SYSTOFLEX 


i 
p Wy... , 
Ee : l 
Fig. 4. Fig. 5. 


Single way connectors. Double way connector, 


Fig. 5 shows a simple double-way connector. 
The easiest way to mount these is to cut a slot 
with a fine hack saw in the end of the ebonite 
cross piece which will just take the strip ; 
this can be held in by shellac, or better, can 
be drilled and pinned. If copper wire is 
used, a small hole should be drilled in which 
the wire makes a tight fit, being held with 
shellac or pinned. 


EBONITE 


Fig. 6. 


Fig. 6a. 
Cross-over connectors. 


Fig. 6 shows a cross-over connector, 
Fig. 6a showing the method of mounting. 
A small square of ebonite about } in. thick 
has one limb fixed to the under side, the 
other being fixed to the upper side, which is 
better recessed to take it, so as to keep it 
well insulated from the body when handling. 
The ends of all connectors should be amalga- 
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mated where they enter the mercury cups 
and troughs, about 4 in. being quite sufficient. 

It will be seen that any pair of cups can 
be connected by means of the single connec- 


Fig. 7. A six cup base. 


tors, so that circuits can be put in series or 
parallel or disconnected at will. Using the 
double connector it becomes a double-pole 
switch in either direction, and with the two- 
way cross-over it can be employed as a 
reversing switch. 


Fig. 8. Fig. 8a. 
Special forms of connector. 
Fig. 7 shows another type of base contain- 
ing six cups, with which a special type of 
connector is usually employed. This com- 


bination can be obtained commercially from 
any firm supplying physical apparatus, and 


EBONITE 


SOLDERED 


Fig. 10. 
Diagonal connectors. 


Fig. 9. 
Connector formed of wire. 
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is known as a Pohl Commutator. The con- 
struction of the special connector is shown in 
Figs. 8 and 8a. It is somewhat similar to 


the double connector shown in Fig. 5, except 
that an extra limb is attached at each end, 


Fig. 11. A simple type of connecting board. 


these being in electrical contact with the 
crossing limbs. These outer limbs act as a 


pivot for the connector, which is rocked over - 


from one position to the other so that very 
rapid changes can be made. 


1 | o 
l 
; FIDUSEIEIE: 
= I~! | I yj ! 
O IZI i l l | 
< lol p lo 
< lat | po | 
= Gla bv 
rrtadl i 
Fig. 12a. Indicating the method of inserting 


connectors with all circuits in series. 


Fig. 9 shows a method of constructing a 
connector of this type with wire, the cross 
limb being a single twist around the end limb 
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and soldered. The soldered portion must 
be well covered with enamel or paint to keep 
it from contact with the mercury, which 
would quickly act on the solder and spoil 
the joint. By connecting diagonally the 
two inner pair of cups with two single con- 
nectors, as shown by dotted line in Fig. 7, 
and still utilising the throw over, it becomes 
a double-pole reversing switch. The con- 
nectors described for the four-cup base can be 
utilised with this base, and a further type 
that will be found very useful is shown in 
Fig. 10, making diagonal connections and 
also making a good reversing device. 

Fig. II shows a simple tvpe of connecting 
board, in this case for six pairs of cups with 
two main troughs. Any pair of cups can be 
connected singly or in parallel to the troughs, 
or the cups can be arranged in series or series- 
parallel and connected to the troughs. 
Fig. 12a shows the manner of inserting the 
connectors for connecting all circuits in 
series, Fig. 126 all circuits in parallel, and 


a SESS 
=— = 


Fig. 12b. Circuits Fig. 12c. Three circuits 
in parallel. in series, paralleled to 
the cups. 


Fig. 12c three circuits in series, paralleled to 
the troughs. The external circuits have been 
omitted in Figs. 126 and I2c, but they 
would be the same as in I2a. 

In conclusion, it might be mentioned that 
for small automatic switches or relays, 
mercury contacts are exceptionally good. 
They can be manipulated with very small 
forces, having practically no contact friction, 
especially if pure mercury is used, and quite 
heavy currents can be dealt with in the 
switching circuit if required. If currents are 
heavy enough to cause sparking, such as in 
the break of a highly inductive circuit, the 
cups can be filled up with paraffin which will 
prevent the contacts from burning. 
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Book Reviews. 


OSCILLOGRAPHS. 
-k xii. 


No one is better fitted than Mr. Irwin to write an 
authoritative book on this subject. For many 
years as a lecturer at the Central Technical College, 
as it was then called, he devoted his energies and 
his great experimental skill to improving the 
known types and devising new types of oscillo- 
graphs. In the laboratory at South Kensington, 
oscillographs were always in daily use and senior 
students were always being initiated into new 
developments in hot-wire and electrostatic oscillo- 
graphs or new ways of damping or otherwise con- 
trolling instruments of the Duddell type.” The 
book under review is the long promised fruit of 
these activities, written in a simple style and 
covering the whole field of oscillographs, their 
theory, construction and use. The recent develop- 
ments in Cathode Ray oscillographs are described 
fairly fully in a concluding chapter. There is a 
bibliography of the subject which should prove 
useful to those wishing to consult the original 
papers. The book is very fully illustrated. 


G.W 0. H. 


By J. T. Irwin, M.I.E.E. pp. 164 
Pitman, 7s. 6d. 


DIE AUDIONRÖHRE UND IHRE WIRKUNG. By Dr. 
Gustav Liebert (Berlin, Hermann Meusser), 
pp. xiv.+126, with 66 Figs., M.5.80. (6 sh.) 


This volume forms the fifth of a series on “' Die 
Hochfrequenztechnik,” edited by Dr. Carl Lübben. 
This is an admirable book on the principle, con- 
struction and use of the valve. It is intended for 
amateurs, but for those amateurs who wish to learn 
more of the subject than is given in the more popular 
books. At the same time, it is mainly non- 
mathematical. It is very clearly written and well 
illustrated and can be recommended to anyone 
with the necessary knowledge of the language. 
The book is divided into five sections, entitled 
“The Electromagnetic Wave,” “ Application of 
the Valve,” “ Properties of the Valve,” “ Principles 
of Operation,” “' Technical Construction and Use 
of Valves.” 


We have not read a better discussion of the 
relative advantages and disadvantages of the 
various types of valves now available, nor of the 
precautions which should be taken in using the 
various types. 


The book concludes with a table giving the 
principal characteristics of the valves most in use 
by German amateurs. As this will undoubtedly 
be of great interest to English readers, we re- 
produce the table on the next page. 


G. W. O. H. 


ELECTRICAL ENGINEERS’ DATA Books. Vol. III. 
Radio Engineering with Special Sections on 
Telegraphy and Telephony. Wedmore and 
Reyner, pp. 258+cxciv.+xxii. 15s. Ernest Benn. 


This volume is intended to be “ a handy volume 
of reference which will be indispensable to everyone 
concerned with the technique of radio.” It is made 
up as follows: Lists of contents and illustrations, 
22 pages; Radio Data, 218 pages; Telegraphy and 
Telephony, 40 pages; Mathematical and Miscel- 
laneous Tables, 42 pages; Electrical, Mechanical 
and Physical Tables, etc., 51 pages; Electricity and 
Magnetism, 30 pages; Wiring Rules, Regulations, 
etc., 70 pages. The book contains a lot of informa- 
tion, but the arrangement, indexing, type, etc., 
leave much to be desired. The last 70 pages appear 
to have little to do with the book under review and 
we do not know whether they are here under some 
strange idea as to the meaning of radio engineering 
or whether they have been dumped here for lack 
of room elsewhere in Vols. I. and II. The last three 
pages are, headed Index to Vol. III.; but here again 
things are not what they seem, since the index only 
refers to the first 258 pages. Had the index merely 
ignored the wiring regulations, it would not have 
been so bad, but that it completely ignores the 
whole of Appendix A, containing 123 pages of 
electrical data, is very regrettable and quite inex- 
cusable in view of the title of the book. As an 
example, we wished to look up the specific inductive 
capacity of ebonite and we searched the index for 
any reference to ebonite, or specific inductive capa- 
city, or dielectric coefficient or constant, but all in 
vain. On writing to the author about it, he pointed 
out that it was in the book, but in the Appendix of 
data and therefore not in the index. The whole 
volume suggests a too hurried publication and a 
lack of care in checking data, in choosing suitable 
type—some of the mathematical data require a 
microscope to decipher them—in arranging tables 
and, above all, in a book of reference, in indexing. 
Tables should be numbered consecutively and not 
37, 39, 38, 40, which is apt to lead the person 
wishing to calculate the resistance of a piece of 
copper wire from its weight in grains per yard— 
if there is such a person—to the conclusion that 
Table 39 has been omitted. 

The book naturally contains a great amount of 
most useful information in the collection of which 
much time and trouble must have been taken, but 
it is a pity that a httle more time and trouble were 
not expended in the final preparation of the volume. 

G. W.O.H. 


ERRATA. 
April issue. 
Page 245, Ist column, line 9 from bottom, for 
““dimming”” read '‘‘dummy.”’ 
Page 247, 2nd column, line 22, for 8, read 1,. 
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PARTICULARS OF GERMAN AMATEUR VALVES. 
(From Die Audionréhre und ihre Wirkung, by Dr. Liebert.) 


| 
Filament. iis r oe | 
7 | Anode mpl. | mA per i 
kiko Ape Maker Volts. |Factor.| Volt. | Resist. | wane 
| |Current. | Volts. | Watts | 
| | 
TUNGSTEN VALVES. 
ie y= Si » Telefunken | 0.5 2.8 1.4 50-70 8.3 0.15 65,000 DRA 
2 is. Nia n 0.5 3-5 1.75 | 30-75 10.0 0.2 50,000 | ,, 
3 dki uo = 0.5 3.0 1.5 30-75 10.0 0.2 50,000 ĥi 
4 | YF Tekade 0.52 3.5 1.5 40-90 8.0 0.25 32,000 ; 
5 LEA 229 Huth 0.5-0.6 | 2.4-3.I 1.5 40-90 9.0 0.20 45,000 |__,, 
6 | Valvo- Miiller 0.45-0.5 | 3.0-3.5 1.5 20-100 8.3 0.2 42,000 = 
normal 
7 LV 27/90K | Lorenz | 0.55 2.9 1.5 45-90 8.7 0.25 35,000 = 
8 AR 23 ... | Loewe 0.45-0.50 3.5 1.5 50-I00 y A 0.25 28,500 i3 
9 | VT 106 ... | Tekade 0.5 4.5 22 50-150 12.5 0.4 31,000 | DRAL 
10°: PTT 46 ki sii 1.1 3.6 4.0 220 14.3 0.5 30,000 L 
II RE 88 Telefunken | 1.0 4.0 5.0 40-100 8.3 0.3 28,000 m 
12 BF SK. p APIA | 1.1 3.5 4.0 220 14.3 0.5 30,000 si 
| THORIUM VALVIES. 
13 { ae ih ) Telefunken 0.07 2.5 0.18 | 40-80 8.0 0.3 25,000 DRA 
14 | LA 74 Loewe 0.06 3.0 0.18 | 50-100 | 10.0 0.25 40,000 Ý 
15 LA 75 å ki 0.15—-0.17 | 2.0-2.5 0.35 | 50-100 10.0 0.25 40,000 = 
16 | LA Ior is 0.3 3.8-4.0 | 1.2 60-200 12.5 o.8 16,000 i 
; RE 83 Telefunk | 
7 RE 89 elefunken 0.2 2.5 0.5 50-100 5.0 0.4 12,500 i 
18 L o6 Lorenz 0.06 2.2-2.5 0.15 | 30-90 6.7 |0.25-0.3 | 25,000 | »» 
19 | Log ŝi 0.09 | 2.0-2.5 | 0.25 | 30-90 6.7 |o.25-0.3 | 25,000 | , 
20 Valvo- Miller 0.3-0.35 | 1.5-2.0 | 0.6 IO—IOO 4.2 0.5 8,500 | mi 
Reflex 
2I Valvo- ai 0.06—0.07 | 3.5-4.0 | 0.25 | 20-100 |* 6.7 0.6 11,000 = 
Okonom H | 
22 Valvo 201A TA O.25-0.27 | 5.0-5.5 1.2 10-100 6.0 1.0 6,000 L 
23 w SDIB si | 0.3-0.32 | 3.5-4.0 | 1.2 10-100 6.0 1:2 5,000 i 
24 | » ÈC. „ | 0.32 4.0 iz 60—140 10.5 1.0 10,500 | ,, 
| | OXIDE VALVES 
25 VT 105 ... | Tekade | 0.15 1.2 0.15 | 40-90 8.3 0.25 28,000 DRA 
26 VE “SOF: daj xi | 0.15 1.5-1.8 | 0.25 | 40-90 10.0 0.45 22,000 RA 
27 VI IIO «x ig 0.15 I.2-1.6 0.20 | 40-90 10.0 0.40 25,000 | DRA 
28 | VI Fit e». “i | 0.15 3.2 0.50 | 50-120 6.7 0.60 11,000 | DRAL 
29 |'VT zis e ŝi | 0.07 2.5 0.18 | 40-90 9.0 0.40 | 20,000 | DRA 
RE 84 
so RE 88 | Telefunken 0.25 15 0.235 | 50—100 3.3 | 0.4-0.5 | 10,000 T 
RE 95 
sid RE ee ) P | I.5 0.3 50-100 12.5 0.4 30,000 T 
32 Was „„. | Nickel - |0.04-0.06 | 1.0-1.5 | O.I 50-100 7.0 0.5 22,000 ŝi 
33 | U I10 as 0.15 1.8 0.3 50—100 6.3 0.4 16,000 a 
34 | LE 244 Huth o e lio 8-0.09 1:2 O.I 40- 90 | 10.0 0.25 40,000 T 
35 | LE 245 j | 0.2-0.23 | 0.9-I.O | 0.2 50-100 9.0 0.20 45,000 ŝi 
36 LE 251 = 0.56 1.5 | 0.8 60-200 0 0.80 g,000 L 
37 | LE T T ov iŭ | 0.08 1.25 O.I 20-70 343 0.35 9,500 | DRA 
38 | LE 252 ii | 0.50 1.8 | 0.9 200-220 14.3 0.55 27,000 L 
Notes.—Column 8. The amplification factors have been calculated from the “ Durchgriff.” 


Column 9. This gives the slope of the grid-volts anode-current characteristic in milliamperes 
per volt. 

In the last column, D= Detector, R= Radio-frequency amplifier, A = audio-frequency amplifier. 
L=Loud-speaker, 
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Correspondence. 


Letters of interest to experimenters are ulways welcome. 


ln publishing such communications 


the Editors do not necessarily endorse any (echnical or general statements which they may contain. 


Another Question of Nomenclature. 
The Editor, EW.6. W.E. 


S1R,— All readers of E.W. & W.E. will be grateful 
for Col. Edgeworth's letter in your March issue and 
your editorial in the same number. In venturing 
to supplement what has been said on this important 
subject, I am concerned solely to simplify a rather 
complicated situation. 

It is obvious at the outset that any notation 
must be adequate to the purpose, compact, and 
self-explanatory. The concepts to be represented, 
too, must be clear-cut and defined. Looking at 
the problem, one is conscious of much confusion of 
thought, due partly to the ill-defined nature of 
some of the symbols in current use. In particular 
is this true of the symbol ‘‘ j '' which so frequently 
occurs in so-called “ vector notation.” 

It is a desideratum that any conventional repre- 
sentation for impedance should be applicable 
equally to R.M.S. and instantaneous values of 
voltage and current. In this respect, I submit, 
the 7 notation is defective. If we apply the 
operator R+7X to the current vector J, we obtain 


(R+jX) [=IR+j.1X, 
which represents the sum of the two vector quan- 
tities Z R and 1X, of which the first is in phase with 


I and the second go” ahead. If, however, we take 
instantaneous values 


(R+jX).I sin wt=IR sin wt+7.1X sin wt 
which according to convention is written 
=IR sin ul + IX cos wt 
we must conclude that 
J sin wt =cos wt 
a result which, on the assumption that j= WV —1 
is algebraically untrue. The symbol 7 is, in fact, 
an operator, and the equation j=/ =T is mis- 
leading without qualification. 

I would urge for the consideration of readers the 
desirability of replacing the symbol j by the frac- 
tional operator D/w, a notation first introduced 
by the late Dr. Heaviside, and developed with 
striking success by Dr. Eccles in his work on C.W. 
Telegraphy. Although the symbol D is, of course, 
the differential operator d/dt, there is no question 
of introducing calculus methods, as the uses of D 
are sufficiently defined by the equations 

D sin wt=w cos wt 
D cos wt=—w sin wt 
D? = — w? 
In this notation, for R.M.S. values we have, 
(R+(D/w)X)I=IR+(D/w). IX. 
With the convention that the operator D/w applied 


to a vector rotates it positively through go”, we 
have the same result as by using j. 


whence 


Taking, however, instantaneous values, 
(R+(D/w)X)I sin wt=IR sin wt+(D/w)IX.sin wt 


which, according to convention, is written 
=IR sin at-FIX cos wt. 
We have now the consistent relation 
(D/w) sin wt=cos wt 
agreeing with the defining equations given above. 


The simplifications obtained by the use of this 
notation are enormous, not least among its advan- 
tages being the extreme ease with which the 
operators LD and 1/CD and their combinations 
may be handled. Its chief merit, in the eyes of 
the writer at any rate, lies however in the entire 
absence from the notation of any necessary refer- 
ence to the imaginary unit. 


For the impedance operator R pe X, we may 
w 


write (Z, $), the brackets indicating the opera- 
tional character of the symbols, and avoiding any 
necessity for special type. The ohmic impedance 
Z associated with this operator is written without 


brackets and denotes the quantity 1/ R?-pX?, 


while ¢ is, of course, tan Š, The impedance 


operator thus denotes the presence of both Z and 
$, a useful reminder which will prevent confusion 
with Z alone. 


May I here be permitted a reference to the final 
sentence of your editorial, in which you refer to 


both V R?+X2 and R+jX as expressions for 
“ impedance ” ? In my submission, the important 
distinction between the two calls for special recog- 
nition, and the terms “ ohmic impedance ” and 
“impedance operator“ respectively would, I 
think, supplement the convenient symbolic ex- 
pressions Z and (Z, @¢). 

In conclusion, it is well to remember that all 
questions of impedance can ultimately be expressed 
in terms of sine and cosine. The Heaviside 
operator enables us to shorten the work efħciently, 
and more important still, logically. 


W. A. BARCLAY. 
Murtle, Aberdeenshire. 


The Editor, EW. &W.E. 


SIR,—Questions of nomenclature are partly 
questions of convenience and partly questions of 
usage, and they are necessarily matters of opinion. 
Your Editorial suggestion that the word impe- 
dance should be applied to all combinations of 
resistance and reactance has undoubtedly a good 
deal to recommend it. l 

The principal object of my letter, however, was 
to draw attention to the inconvenience which arises 
when the same word is used without qualification 
in several ditferent meanings. The question,“ What 
is the impedance ofa circuit,” should admit of only 
one answer and not of several answers. If, there- 
fore, the word impedance is applied to the expres- 
sion [R+j7(Lw—1/Cw)], it should be qualified by 
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calling it operator impedance, complex impedance, 
or something of that sort. 

The word operator does not appear to make a 
very happy adjective although it has no doubt 
been so used to a considerable extent. 


K. E. EDGEWORTH. 
Bexley Heath. 


Valve Nomenclature. 
The Editor, EW. 6 W.E. 


SIR,-—May I endorse, with a reservation, Pro- 
fessor Howe's suggestion of the term “ differential 
resistance '' for what is frequently misnamed the 
“impedance ” of a valve? It certainly should be 
called Resistance, implying that there is mno 
phase-difference between current and E.M.F. (I 
believe the time-lag in an R valve with 70 volts 
on the anode is of the order of 2 x 1079 seconds) ; 
but I would suggest “' Slope-resistance '” as an 
improvement, because :— 


(A) It is shorter to say or to write. 

(B) It may claim priority of use. (‘‘ Slope- 
Conductance '' was used in 1921, Wireless Tele- 
graphy and Telephony, L. B. Turner.) 


(c) ““ Slope ” is a less terrifying and mysterious 
word than “ Ditferential’’ to the non-mathe- 
matical mind. 


With reference to Col. Edgeworth's letter in the 
March issue, '' Complex Resistance ” is, I suggest, 
definitely wrong ; '' Resistance ” implies no phase- 
ditterence between P.D. and current; it must be 
something which, when multiplicd by the square 
of the current, gives power (IZR). “Complex 
Impedance,” is the proper term for R+)(wl—1/Cw). 
(See, for example, Prof. Kennelly's “ The Appli- 
cation of Hyperbolic Functions to Electrical 
Engineering Problems.’’) 

Gol. Edgeworth’s own definition of “ Impe- 
dance’’ as ‘‘ The terminal voltage of an A.C. 
circuit divided by the current ” leads, indeed, to 
a complex quantity, unless the voltage and current 
are in phase (when the “ impedance ” reduces to a 
pure resistance). 

For, let e= E.coswt = E.gjot be the terminal 
voltage; and let i=l,.cos (wt-ĝ)=]l.ej(et-9) be 
the current; then the expression for ‘‘ impe- 
dance ” by Col. Edgeworth's definition is :— 


I 


The part of this expression E/I represents the 
numerical value of the impedance, no regard being 
paid to phase-ditterence ; it is the “ Modulus ” of 
the complete expression; while the part «jẹ 
signifies that the terminal voltage leads the current 
bv an angle ĝ, itis the ' 
plete expression. 

Strictly speaking, therefore, the word ''impe- 
dance ” alone should refer to the complete complex 
expression, it might be referred to at greater length 
as the '‘ Complex impedance ’’; while the term 
“ Modulus impedance '' might be used for F/I; 
though unless confusion is likely to arise in any 
particular case, the simpler word Impedance may 
well be used for both, as at present. 


Impedance =| TE Jive E = 1 J? 7,9 =Z. 
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In any case, when using symbols, it is easy to 
print all vector or complex quantities in Clarendon 


type Z (or in manuscript to overscore, Z); using 
ordinary Roman or Italic Type (Z, z) for quantities 
essentially real, or for moduli ; and, after all, it is 
more important for symbols to be unambiguous 
than for words, for symbols are a universal lan- 
guage. 
C. R. CosENs. 
Cambridge. 


Transformer Curves. 
The Editor, EW. & W.E. 


Sır, —After reading Mr. Appleton’s further 
letter in the January issue of E.W. & W.E., may 
I be allowed to give my views on the subject ? 
I have no commercial interest in any components. 

I can bear out Mr. Appleton's statement that 
with extremely weak input values, resistance coupling 
will actually give greater amplification than 
transformer coupling. However, Mr. Appleton 
seems to admit that the amplification factor of a 
well-designed intervalve transformer does not 
fall off appreciably until the input values become 
minute. Now, who on earth would think of L.F. 
amplification under these conditions for Broad- 
cast reception ? In order to obtain efficient and 
distortionless rectification by means of crystal 
or anode rectification, it is necessary to have a 
good H.F. amplitude, sufficient in my opinion 
to give good phone strength without L.F. ampli- 
fication. In these circumstances I think Mr. 
Appleton's contention that minute input values 
are all important falls to the ground. If grid 
rectification is used, I do not think that quality 
in the L.F. amplifier is of great importance. There 
is another point we must not overlook, that is 
the steady magnetising current in the anode circuit, 
which surely brings the permeability to a reasonable 
value. 


Derby. H. H. DYER. 


Power Loss in Condensers. 
The Editor E.W. & W.E. 


Sır, —I have read Mr. Hartshorn's excellent 
article on '' Power Loss in Condensers ” with great 
interest, but am still in the dark in regard to 
certain points in the measurement of the power 
factors of air condensers at radio frequencies. 
I should therefore like to put the following 
question :— 

Has the power factor of an air condenser of 
capacity less than 2004F ever been measured at 
radio frequencies without assuming another air 
condenser free from loss ? 

I am aware of Mr. Wilmotte's work (Proc. Roy. 
Soc. A., Vol. 109, p. 508, 1925), in which he 
measures the losses in mercury coils apart from 
the losses in an associated condenser and thence 
deduces the losses in the condenser, etc.; but if 
I have interpreted his results correctly, the 
method has only been applied to condensers of 
Capacities greater than about 600NuNuF. 


Claygate, Surrey. S. BUTTERWORTH. 
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From the World's Wireless Journals. 


Abstracts of Technical Articles. 


R000.—WIRELESS IN GENERAL. 


Ro38.—DEFINITIONS OF TERMS, ETC., USED IN 
RADIO ENGINEERING. (Supplement to Proc. 
1.R.E., February, 1926.) 


This is a report of the Institute's Committee 
on Standardisation for 1926. It is in the form of 
240 definitions of terms used in radio engineering, 
arranged under the headings, (1) Waves and Wave 
Propagation; (2) Transmitting; (3) Receiving ; 
(4) Vacuum Tubes; (5) Circuit Elements and 
Properties; (6) Antenne; (7) Direction Finding. 
Standard Graphical Symbols are also illustrated. 


R100.—GENERAL PRINCIPLES AND THEORY. 


RI13.—TRANSATLANTIC RADIO TELEPHONE TRANS- 
MISSION.—Espenschied, C. N. Anderson and 
A. Bailey. (Proc. I.R.E., February, 1926.) 


A report upon two years’ measurement of 
Transatlantic signals, etc., preparatory to the 
arrangements for commercial telephony. The 
measurements were initiated to show the con- 
ditions obtaining throughout the twenty-four 
hours of the dav and the varions seasons of the year. 
The work was done under the auspices of the 
American Telephone and Telegraph Company, 
The Bell Telephone Laboratories, and the Radio 
Corporation of America on the United States side, 
and on the British side by the International Western 
Electric Company and the G.P.O. In America 
measurements were made at three stations on 
signals from Northolt on 52,000 cycles, and from 
Leafield on 34,130 cycles and 24,050 cycles. In 
England, measurements were made at New South- 
gate and Chedzoy, Somerset, on the transmissions 
from Rocky Point 2XS on 57,000 cycles, Marion 
WSO on 25,700 cycles and Rocky Point WQL on 
17,130 cycles. 

Data are available from 40,000 Individual 
measurements, and have been subjected to careful 
analysis to disclose what physical factors aftect 
radio transmission. 

Curves of the field strength for 24 hours received 
at America and at England are shown. These are 
seen to be subject to substantially the same decimal 
variation and the conclusions drawn are: (1) 
Relatively constant field strength prevails during 
the davlight period; (2) A decided drop accom- 
panies the occurrence of sunset in the transmission 
path; (3) The advent of night time conditions 
causes a rapid rise to high values, which are main- 
tained until daylight approaches ; (4) The encroach- 
ment of daylight on the eastern terminal causes 
a rapid drop. This drop sometimes extends into 
a morning dip similar to, but smaller than, the 
evening dip. After this, relatively steady daylight 
strengths agaim obtain. Monthly average curves 
for all months of the year are shown, the chief 


features shown being: (1) The continuance of the 
high night-time values throughout the year; (2) 
The persistence of the night-time values for a 
longer period in winter than in summer; 3) 
Daylight values show comparatively small range 
of variations; (4) The extreme range of variation 
between the minimum sunset dip and the maximum 
night value is 1 to roo in field strength, or 1 to 
10,000 in power ratio. 

General consideration of the results gives a 
transmission formula of the usual form, but with 
the constants shown as compared with other values 
(due to Sommerfeld, Austin-Cohen, Fuller, etc.). 
This may be written in the usual form 


E (uv/m)= ee 


or in terms of power. 
E= =4/ pees E 


C0572. 
11-28 


0.005 D 
À1-26 


Where P is radiated power in kilowatts, D distance 
and A wavelength, both in kilometres. 

A correlation was sought between wireless 
transmission and the earth’s magnetic phenomena, 
and result curves are given, showing close corre- 
spondence. 

The paper next considers atmospheric measure- 
ments. Curves are shown for U.S.A. and for 
England of the atmospheric strength received on 
three different wavelengths. The distribution of 
light and dark over the communication path is 
very fully considered and it is concluded that the 
major source of atmospheric disturbance on long 
waves, both in England and in U.S.A., is indicated 
to be of tropical origin. In general the disturbance 
due to Xs is less on the higher frequencies, t.c., 
shorter wavelengths. At night the decrease with 
increase of frequency is exponential. In daytime, 
the decrease with increase of frequency is linear 
in the range of 15 to4okC. The difference between 
day and night is apparently due largely to dav- 
light attenuation. 

The ratio of signal to atmospheric is then dealt 
with. It is concluded that the effect is generally 
similar on both sides of the Atlantic. Curves are 
given for results on 5,700 and on 17,130 cycles. 
It is noticeable that although the latter (1.e., longer 
wavelength) gives generally lower ratio of signal 
to atmospheric, it 1s more level and stable. 

Lastly, experiments are described on both sides 
on the use of a Beverage antenna in place of an 
ordinary loop. Result curves show an average 
improvement in the Signal to Atmospheric ratio 
of about 5 as compared with loop reception. Test 
of percentage reception of disconnected words 
understood, also shows considerable improvement. 

A large number of signal strength curves is 
appended. 
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R113.—SOME STUDIES IN RADIO BROADCAST 
TRANSMISSION.—R. Brown, De L. K. Martin 
and R. K. Porter. (Proc. I.R.E., February, 
1926.) 


An abstract of this paper—prepared from the 
account given in the Electrician of 12th February. 
1926—appeared in E.W & W.E. for April, 1926. 


R113.—SUR LA PROPAGATION DES ONDES COURTES 
EMISES A BORD DU “ JACQUES CARTIER.” — 
General Delcambre and R. Bureau. (Onde 
Elec., February, 1926.). 


The paper described extensive observations on 
transmissions (chiefly of meteorological messages) 
from the S.S. Jacques Cartier, on waves Of 115 
metres downwards. Six voyages were made as 
follows: (1) 30th October, 1924—31st January, 
1925. Bordeaux to Panama, Vancouver, Panama 
to Le Havre—115 metres ; (2) 20th February— 
4th April, 1925, Le Havre, Galveston, Pensacola, 
to Le Havre—115, 62, and 48 metres; (3) 26th 
April—i11th May, 1925, Le Havre to Mobile—115 
and 31 metres; (4) 24th May—oth June, 1925, New 
Orleans to Le Havre—115, 31 and 21 metres; (5) 
10oth—3o0th August, 1925, Le Havre, Mobile, Le 
Havre,—-31 metres; (6) 26th October—17th 
December, 1925, Le Havre, Pensacola, Galveston 
to Le Havre—31 metres. 

In the second section of the paper is considered 
the effects of the time of day. About sunrise in 
France there was generally an interruption of the 
reception from great distances. A table shows 
the steadiness of this effect as noted for 10 successive 
days on one of the voyages. The most unfavourable 
time was about mid-day, “as if” (to quote the 
authors) “the local meridian was an obstacle 
to propagation. The reappearance in the after- 
noon or evening seemed to vary within wider limits 
than the disappearance of the morning, and seemed 
also to depend more on the wavelength. In a 


section on geographical influences, it is stated that 


the north and south regions of transatlantic 
transmission show different characteristics. A 
great circle from Paris to south of the Banks of 
Newfoundland, Cape Hatteras and Florida to 
the Gulf of Mexico shows roughly the line of division. 
South of this the transmissions on ditferent wave- 
lengths were easily received in France; north 
of this they were either not received or received 
irregularly. 

In the last section, reference is made to the fact 
that the same transmission from the ship was very 
ditterently received by different receiving stations, 
sometimes being subjected to considerable variation 
in the course of a single meteorological message. 
The actual transmissions being held steady, this 
is attributed to deformation of the waves in transit. 
Considerations of the appearance and disappearance 
at certain points suggest that this etfect travels or 
migrates with a velocity of the order of 60 kilo- 
metres per hour. Thisisthe mean rate of propagation 
of meteorological phenomena and the need for 


correlation between meteorological and radio- 
telegraphic observations is urged. 
R113.1.009.—THE Mystery OF FADING. Dr. O. 


Hall. (E.W. & W.E., April, 1926.) 
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R114.—THE PRESENT STATUS OF RADIO ATMOS- 
PHERIC DISTURBANCES.—L. W. Austin. 
(Proc. I.R.E., February, 1926.) 


A short review of the present position of knowledge 
of atmospherics. References are made to various 
recent works on atmospherics in America and 
Europe, especially to work of the Radio Research 
Board. It is stated that the differences of opinion 
mentioned in the paper show that there is still 
much to be done on the subject. The author 
sums up the position as follows: (1) In general, 
atmospherics are stronger at the longer wave- 
lengths; (2) Except for local storms, they are 
nearly always stronger in the afternoon and night, 
while for the higher frequencies this increase 1s 
confined usually to night alone; (3) They are 
stronger (a) in summer than in winter, (b) in south 
than in north, (c) on land than on sea; (4) A large 
proportion are directive, 1.e., to come from definite 
regions, such as mountains, rain areas or thunder- 
storms. It is also reasonably certain that: (5) 
Most of the long wave disturbances travel along the 
earth with a practically vertical wave front; (6) 
A considerable portion are oscillatory in character, 
though a certain portion are non-oscillatory and 
give short excitation at all wavelengths; (7) 
Disturbances sometimes occur simultaneously at 
stations thousands of miles apart. 


R141.1—NoOTES ON WIRELESS MATTERS. STEADI- 
NESS IN TRANSMITTER FREQUENCY.—L. B. 
Turner. (Electrician, 12th March, 1926.) 


The article deals with the need for steadiness in 
transmitter frequency to prevent interference 
effects. After briefly reviewing the general use 
of resonance as applied to a spark transmitter, the 
writer considers the case of a modern C.W. trans- 
mitter working at hand speed. It is shown that 
with a receiver circuit decrement of 0.005, the 
signal strength is halved by a distune of 0.14 per 
cent., hence a C.W. transmitter should not vary 
in frequency by as much as this value. Additional 
consideration of heterodyne note and the L.F. end 
further demands great steadiness. The cases 
specifically considered are about 15,000 metres, 
which is a very congested region in the commercial 
spectrum. A frequency difference between stations 
of only 200 cycles per second may be allowed. 
The effects of frequency variations from a desired 
station and one or two jamming stations is then 
illustrated numerically and it is concluded that 
stations of such wavelength should not wander 
in frequency by anything like 20 cycles, t.e., 
O.I per cent. The article concludes by describing 
a recent German method of measuring fluctuations 
of frequency. Measurements were made on 39 
transmitting stations ; IO to 12.5 cycles per second 
is regarded as the largest permissible frequency 
wandering, irrespective of wavelength, corre- 
sponding to 0.05 per cent. at 15,000 metres. Taking 
this permissible maximum as IoO per cent., about 
half the stations showed under 50 per cent.; the 
maximum variation was 208 per cent. for Grodno, 
and the minimum 22 per cent. for Kootwijk. 


Rt44.-HIGH FREQUENCY RESISTANCE.—P. K. 
Turner. (E.W. & W.E., March, 1926.) 
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R144.—EFFECTIVE RESISTANCE OF INDUCTANCE 
Corrs AT RADIO FREQUENCY. PART I.— 
S. Butterworth. (E.W. & W.E., April, 
1926.) 


R145.5.—POWER Loss IN CONDENSERS.—L. Hart- 
shorn. (E.W. 6 W.E., April, 1926.: 


R200.—MEASUREMENTS AND STANDARDS. 


R201.—AN EXPERIMENTER’SWIRELESSLABORATORY 
—L. A. Sayce and J. Taylor. (PARTII.— 
E.W. 6 W.E., March, 1926. PART III.— 
E.W. & W.E., April, 1926.) 


R208.6.— A METHOD FOR GENERATING AND 
MEASURING VERY WEAK RaDIO-FRE- 
QUENCY CURRENTS.—W. van B. Roberts. 
(J. Franklin Inst., March, 1926.) 


The chief method described is based on the fact 
that when two oscillatory E.M.F’s are impressed 
in series upon a circuit containing an assymetric 
conductor (a detector) or its equivalent, the 
resulting current contains in general components 
of the following frequencies: (a) Zero frequency 


or D.C.; (B) Twice each of the impressed fre- 
quencies; (c) The sum of the impressed fre- 
quencies; (D) Their difference. It is shown (in 


an appendix) that under certain conditions, a 
simple relation exists between the value of the 
D.C. component and that of the frequency difference 
component or “ beat frequency,” and that the 


FIXEO 
FREQUENCY 


VARIABLE 
FREQUENCY 


Fig. 1. 


amplitude of this beat frequency may be accurately 
inferred from measurement of the D.C. com- 
ponent. One frequency may be kept constant and 
the other varied to produce beats, 3,000kC being 
quoted as a convenient fixed frequency with which 
the variable can produce beats up to 1,000kC. 
The fixed frequency may be modulated if necessary. 
Fig. 1 shows a simple scheme of applying the 
arrangement, while a further arrangement, using 
an amplifier in each component and a valve 
rectifier, is also illustrated in the paper. 

An alternative arrangement is also illustrated 
and described, using only one oscillatory frequency. 
It is shown that rectification will then produce a 
double frequency current, whose value is approxi- 
mately equal to that of the D.C. current, and this 
double frequency component is used as the desired 
current. A third arrangement is also described 
using rectification in the grid circuit of the generating 
valve, and employing the second harmonic as the 
desired frequency. 
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It is concluded that for the production of the 
very smallest currents the first system is complex 
but ideal, while the last, due to its simplicity, 
should be valuable in portable measuring sets. 


R240.—INDUCTANCE COILS QUANTITATIVELY COM- 
PARED.—A. L.M. Sowerby. (E.W. & W.E., 
April, 1926.) 


R251.5.— A VERSATILE GALVANOMETER. — Elec- 
trician, 5th March, 1926.) 

A description of the ‘ Versatile ” galvanometer 
and its accessories. The instrument is of the 
well-known Paul “ Unipivot ” pattern (made by 
the Cambridge Scientific Instrument Co.). Details 
are given of the constants of the instrument and 
the volt range and ampere range multipliers 
available. Ranges of 0.24 volt to 600 volts and 
of 0.012 amp to 24 amps are possible. Details 
are also given of available thermo-junctions for 
A.C. measurements, and mutipliers given ranges 
of A.C. voltage from 1.2 to 120 volts and A.C. 
currents from 1.2 to 24 amps. 


R800-APPARATUS AND EQUIPMENT. 
R321.—RADIO RECEIVING AERIALS.—P. D. Tyers. 
(Elect. Review, 26th March, 1926.) 

The writer draws attention to the carelessness 
frequently displayed in the erection of an aerial, 
and emphasises the points to be noted in the 
erection and leading in to the set. 


R330.-—LEs PROGRES RÉCENTS DANS LA CoN- 


STRUCTION DES LAMPES À PLUSIEURS 
ELECTRODES.—R. Jouaust. (Onde Elect., 
March, 1926.) ; 


A lengthy paper on the present position of the 
valve. The general principles of thermionic emis- 
sion are first discussed, and the laws of emission 
traced from Richardson's fundamental equation. 
The function of thoriating is then considered, and 
the process of thoriation described. The power, 
ful emission is not due to the properties of thorium- 
but to the difference of potential at the thorium- 
tungsten surface of contact, which facilitates the 
emission of electrons. The thorium surface is 
very sensible to traces of gas in the bulb, which 
produces ionisation, the positive ions bombarding 
the filament and tending to destroy the thorium 
coating. The necessity for the removal of all 
gas from the electrodes, etc., is considered, and the 
use of magnesium as a “getter” is described. 
It is pointed out that for valves of the same geometry 
the characteristic with a thoriated filament is not 
exactly the same as that with a tungsten filament. 
The contact potential difference in the former case 
has the effect of moving the characteristic to the 
right by an amount equal to about 1.5 volts 
of grid potential. The general properties and 
behaviour of dull emitter filaments are considered 
reference being made to various recent fundamental 
tests. 

Valve noises are then considered, with their 
effect in limiting amplification. The notses are 
distinguished as (aA) '' a continuous breathing like 
the sound of waves,” (B) crackles. The former 
is attributed to traces of gas remaining in the 
valve. The cracklings seem to proceed from the fila- 
ment, and have also been attributed to inequalities 
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of electron absorption by the grid. The Schottky 
effect is discussed in some detail. This suggests 
that abrupt changes of anode current are not due 
to accidental causes, but constitute a physical 
phenomenon characteristic of thermionic emission. 
Secondary emission is then considered at some 
length. The hterature on the subject is contra- 
` dictory, and experimental tests with different 
valves give widely different results. The general 
effects of initial velocity, space charge and secondary 
emission are reviewed. Excessive grid potential 
is undesirable, resulting in heating of the grid 
without increase of anode output. It is pointed 
out that the maximum grid voltage should never 
exceed 80 per cent. of that of the anode. 

The paper next deals with very short waves 
generated by means of the valve. Experiments 
by Professor Whiddington in 1919 are referred to 
when oscillations corresponding to 77 centimetres 
wavelength were generated within a soft valve. 
Similar results have been found possible with hard 
valves. Work of Barkhausen and Kurz in Germany, 
and of Gill and Morrell in England, are discussed. 
(Certain of the latter work has already been 
described in E.W. & W.E. for October, 1923.) 
The presence of oscillations was evidenced and their 
wavelength measured by Lecher wires. The wave- 
lengths were of the order of 2 metres. The theory 
of the effects involved is discussed. A short note 
then follows on the effect of traces of gas in giving 
irregularity of characteristic, followed by a very 
brief note on the double-grid valve. The last 
section deals with new patterns of valves, etc. 
Large power valves with water-cooled metallic 
anodes are described, and the design of a stranded 
thoriated filament for transmitter valves is dis- 
cussed. Finally a few remarks are given on the 
use of valves for short wave (e.g., 20 metre) trans- 
mitters. ] 


R342.5.—A POWER AMPLIFIER FOR THE Low 
POWERED TRANSMITTER.—R. P. Turner. 
(Q.S.T., March, 1926.) a 


The writer refers to the unsteadiness of amateur 
transmission frequencies, and emphasises the need 
for using a maste: -oscillator with a power-amplifier 
working to the aerial. The master-oscillator and 
power-amplifier elements are described. The 
oscillator is a Hartley circuit, with the operating 
key. The power amplifier is of conventional 
circuits, the inductance of the master oscillator 
being coupled to a coil in the grid circuit of the 
amplifier, A closed oscillatory circuit is included 
in the anode in the usual way and coupled to the 
aerial. The circuits described are for 40 metres, 
and details of components are given. 


R342.5—NEUTRALISING THE CRYSTAL AMPLIFIER. 
—J. M. Clayton. (Q.S.T., March, 1926). 


It is stated that requests have been received for 
information as to the stabilising of the power- 
amplifier in a crystal controlled transmitter. The 
arrangement now described and illustrated is 
effectively that shown in Abstract “ Practical 
Crystal-Controlled Transmitters ” in E.W. & W.E. 
for March, 1926, (p. 192), where C, of .ooo25uF 
maximum capacity is shown as a neutralising 
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condenser. The method recommended for deter- 
mination of the correct adjustments for neutralisa- 
tion is to insert in the closed oscillatory circuit of 
the Amplifier a thermal meter of 25 to 50mA 
maximum. Cut off the anode voltage of the 
amplifiying valve but leave the filament lit. The 
miliameter will probably show some deflection, 
indicating that there is “pick up” from the 
crystal oscillator. Cę and the tapping on the 
inductance should be varied until there is no 
deflection on the milliammeter. 


R342.7.—NOTE SUE UN RECEPTEUR A REGLAGE 
AUTOMATIQUE. — J. Abelĉ. (Onde Elec. 
March, 1926.) 


After reviewing the disadvantages of the usual 
arrangements of high frequency coupling and 
reaction, the author describes the circuit shown 
in Fig. 1 asa convenient method giving independence 
of tuning and of reaction controls. As the L,C, 
circuit is independent of reaction adjustment, 
it can be calibrated and used as a tuning standard 
in the receiver. A milliammeter in the detector 
anode circuit affords control of the reaction con- 
denser C4, and permits tuning of the aerial to that 
of LCa. This circuit can be set to a desired wave- 
length and oscillated by sufficient reaction. This 


Récepteur réglage automatique. 


Fig. I. 


can be checked by extinguishing the first valve, 
the milliammeter dropping when L,C, is oscillating, 
and returning to its normal reading on relighting 
the valve. The aerial can then be tuned until 
the milliammeter is again a minimum, when 
the aerial is in tune with LCs. Reaction can then 
be loosened to eliminate self oscillation for the 
reception of telephony, or to a weaker oscillation 
for the autoheterodyne reception of C.W. signals. 


R342.7.—A MODERN REGENERATIVE RECEIVER.— 
F. Anderson. (Q.S.T., March, 1926.) 


The receiver described is a “ straight” three 
valve set, using a detector with reaction from its 
anode, and followed by two L.F. stages. Plug 
facilities are provided for the use of one or of three 
valves. The aerial is aperiodic and coupled to a 
tuned secondary. Details of construction are 
given, including a schedule of parts, panel lay-out, 
coil dimensions, etc. 
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R342.7.—LE REGLAGF DE LA REACTION DANS UN 
RÉCEPTEUR A CADRE..—E. Fromy. (Onde 
Elec., February, 1920.) 

It is pointed out that with a frame aerial the use 
of reaction is delicate and difĥcult in practice. 
The circuit shown in Fig. 1 is given as a suitable 
solution. 

It will be seen that this turns the frame aerial 
LC into a self-oscillating system, whose oscillations 
can be controllably damped-out by the damping 
circuit (“ amortisseur '') consisting of the resistance 


A 


| 


R 1 
C2 


De Lake 
oe 22-3 


R and condenser C,. Variation of C, varies the 
energy consumption in R, and therefore the damp- 
ing of LC. A further condenser C, is preferably 
placed across the damper to compensate for change 
of tune, C, and C, being varied in opposite senses 
so that their total capacity remains constant. 
The controls of tune and of reaction are said to be 
practically independent of each other over a large 
tuning range. 

C, and C, should be small condensers of about 
0.0001nF maximum if used with a frame tuning 
condenser C of about o.oOIUF maximum. The 
value of R may vary within wide limits, depending 
on C, and the position of the tapped point 4. 
If 4 is near to the limit of extinction of oscillation, 
feeble damping will suflce and vice versa. A 
non-inductively wound coil of 2,000 ohms is stated 
to have been found suitable. The position of A 
is guided by the conditions that without the damper 
the. circuit should oscillate at all values of the 
tuning condenser but the oscillations should be as 
weak as possible in order that they may be extin- 
guishable by the damper. For a frame of 1 metre 
side the following typical positions are quoted. 
Total turns 35, Anode circuit 3, Grid circuit 32. 


si iu 18, bi is 3 ji » 15. 

” L~ 9, a i 2, si Ji 

” ŝi O, ŝi ja 2, i i 4: 

Grid condenser and leak are of the customary 
values. 


R344. —FREQUENCY VARIATIONS IN THERMIONIC 
GENERATORS.—Lt.-Col. K. E. Edgeworth. 
(J.1.E.E., March, 1926.) 


Paper read before the Wireless Section, I.E.E., 
on 6th January. A lengthy abstract appeared in 
E.W. & W.E. for February, 19206. 
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After considering some properties of mechanical 
oscillating systems, e.g., a pendulum, the author 
discusses the phase relationships of current and 
voltage in a valve oscillator, atd shows that the 
frequency is affected by the nature of the coupling 


between the grid and anode circuits. Various 
types of coupling are considered, 4.e., normal 
inductive coupling, reversed coupling, capacity 


coupling and resistance coupling, and expressions 
for frequency derived. The design of an oscillator 
using the resistance method of coupling is then 
discussed, with practical notes on the adjustments. 
The next section deals with the design of an oscillator 
employing reversed coupling, the arrangements 
recommended being such as to employ part inductive 
and part capacitative coupling. The paper finally 
illustrates experimental results obtained with 
ditterent types of circuit, and compares the charac- 
teristics of various types of constant-frequency 
generator. 


R345.—I.a REGULATION AUTOMATIQUE DE LA MODU- 
LATION DANS LES STATIONS’ D'EMISSIONS 
RADIOTELEPHONIQUE.—O. de l'Harpc. 
(Radio Elcctricité, 25th February, 1926. 


A description of a scheme of automatic regulation 
of modulation for broadcast transmission, stated 
to be in satisfactory operation at the station Radio 
Toutouse. It is pointed out that fortissimo and 
pianissimo passages, for example, call for different 
degrees of amplification, and that this has to be 
under the control of an operator. 

The arrangement described makes this control 
automatic. It consists in interposing in the 
modulation amplifier an intermediate circuit 
containing a device whose resistance is not constant 
but is greater for higher voltages applied to it. 
The device used is a metal filament flash lamp bulb, 
whose resistance is shown in a curve to be about 


Fig. 1. 


1.5 ohms when cold (or under very small applied 
voltages), and in the neighbourhood of 16.5 ohms 
when 3.5 volts are applied to it. The essentials 
of the scheme are shown in Fig. 1. The actual 
modulation arrangements used at Radio Toulouse 
are also illustrated, several lamps being used in 
parallel. 


R351.218.-THE PIEZO ELECTRIC EFFECT AND ITS 
APPLICATION TO WIRELESS.—ParT II. - 
C. W. Goyder. (EW. Ge W.E., March, 
1926.) 
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R381.5.— PERFECIIONNEMENT DANS LES 
DENSATEURS VARIABLES.—C. Guével. 
Elec., March, 1925.) 

A note on a new pattern of slow-motion dial 
and control. Multiplications of 8, 12 and 18 are 
possible. The arrangement is also applicable 
to the motion of variometers, reaction controls, 
etc. 


R386.—ESSAI SUR LA THÉORIE DES FILTRES 
ELECTRIQUES.—P. David. — (Onde Elec., 
February, 1920). 

A continuation and conclusion of the article in 
the previous month 's issue (see abstract in E.W. & 
W.E., April, 1920). The first case considered 
is the calculation of the current in a filter working 
to any impedance, followed by its particular 
adaptation to the impedance of a receiver. The 
ettect of internal impedance in the supply source 
is then considered and it is shown that it 1s advan- 
tageous that this impedance should be equal to 
that of the receiver; i.e., input and output im- 
pedances to the filter should be the same. The 
use of filters in wireless technique is then considered 
generally, the case illustrated being that of a filter 
whose input and output are transformers in anode 
and grid respectively. The article concludes by 
considering the effect of mutual induction between 
the elements of a filter system, and the etfect of 
transient and damped phenomena, as distinguished 
from the sustained cases dealt with in mathematical 
considerations. A bibliography on filter literature 
is appended, along with a discussion on the paper 
before the Société des Amis de la T.S.F. on 2oth 
January, 1926. 


CON- 
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R386.—FINDING THE INDUCTANCE OF THE FILTER 
CHOKE.— E. W. Berry. (Q.S.T., March, 
1926.) 

The method recommended is first to measure 
the ohmic resistance R of the coil, e.g., with D.C. 
milliammeter and voltmeter. The total impedance 
Z can then be ascertained by using similar A.C. 
instruments with the supply mains. The calcula- 
tion of the inductance from these quantities is then 
illustrated, and curves are given from which the 
inductance can be directly read from the value 
of Z2—R?, for 25 and for 60 cycles. 


R386.—FORD Colt FILTERS.—C. Provins. 
March, 1926.) 


An article describing the use of Ford ignition 
coils as elements of a filter for amateur transmitter 
supply. The arrangement recommended is to use 
two secondary coils in parallel, when their joint 
resistance of 2,500 ohms is not serious in the anode 
circuit. As IuF condensers are already built 
into the coils, these may be utilised for the complete 
filter, and a method is described and illustrated 
for doing so without dismantling the coils. Other 
filtering arrangements using these components 
are also discussed. 


(Q.S.T., 


R387.1. — THE SHIELDING PROBLEM. — D. R. 
Clemons. (Q.S.T., March, 1926.) 


An extensive treatment of shielding effects, with 
results of a large number of experiments. The 
general effect of a non-conductor and of a conductor 
in proximity to a coil is first discussed, and the 
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subsequent discussion confined entirely to measure- 
ments at wireless frequencies. Experimental re- 
sults of H.F. resistance measurements are shown 
for two similar lengths of wire, one wound as a 
solenoid and the other as a layer coil, the latter 
having about twice the minimum (natural) wave- 
length and more than five time the H.F. resistance 
of the former. The proximity of a condenser to 
a coil is then considered. Placed inside the coil 
it increased the self-capacity of the coil from 4.4 
to 9.05uuF, and the effective resistance at 1,200kC 
from 30.5 to 38.5 ohms with the plates closed and 
to 47.5 ohms with the plates opened. Near the 
coil in various positions—the maximum proximity 
being 0.6cm.—increases of H.F. resistance of 27 to 
63 per cent. were shown. A metal sheet, 1o in. by 
I21n., is then considered. With the plate rcm. 
away from one end of the coil the self capacity 
increased 25 per cent. which was slightly aug- 
mented if the plate was commoned to the nearer 
end of the coil. Commoned to the other end it 
increased this capacity by 486 per cent., raising the 
natural wavelength from 76 to 186 metres. Witha 
single layer spiral or pancake winding and the plate 
with its plane parallel to that of the coil at a dis- 
tance of 1cm., the self-capacity increased 790 per 
cent., which dropped to 608 per cent. on com- 
moning the shield to one end of the coil. A honey- 
comb coil of 8.4upuF self-capacity showed no change 
when the shield plate was Icm. away, and an 
increase of 204 per cent. on commoning it to one 
end of the coil. 

Experiments are then described on inductors in 
completely closed boxes. A solenoid completely 
enclosed in a metallic box of 8 in. by $in. by 5 1n. 
was measured for H.F. resistance and self-capacity. 
Result curves for the former (up to 1,600 kilocycles) 
show an increase of 2 to 2} times in the screen, and 
of 3 to 34 times if one end of the coil is connected 
to the screen. Connection of the screen to one end 
of the coil increased the self-capacity from 4.4 to 
34.22uuF, the other end giving only 13.6wuF. 
Similar measurements for a smaller and more 
compact coil show much smaller increases, while a 
spiral coil shows an increase of H.F. resistance of 
from 2} to 3 times on enclosing in the box, increasing 
to over 3 as either end of the coil is commoned to 
the screen. Experiments are then described with 
sheets of copper and of lead. With two solenoids 
1.7cms. apart, a current of 44 milliamperes was 
induced in the secondary with a lead screen 
midway between the coils. This dropped to 1.8 
milliamperes on substituting the copper screen. 
while aluminium gave nearly the same result. 
Separating the coils by 12cms. with the copper 
midway between them the secondary current rose 
to 6.3. It is concluded that a thickness of more 
than 0.02 in. does not better conditions and that 
completely enclosing a coil improves the etticiency 
so far as actual linkage is concerned. The article 
is also illustrated by several photographs showing 
the screening arrangements employed in various 
commercial receivers. 


R387.7.—PORCELAIN INSULATOR MANUFACTURE. — 
(Electrical Remew, 5th-19th March, 1920.) 

A description of a visit to the works of Messrs. 

Taylor, Tunniclitt & Co., with illustrated remarks 

on the manufacture of various types and sizes of 
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porcelain insulators for wireless, telegraph, tele- 
phone and other purposes. Electrical tests are 
described and well illustrated by photographs of 
various insulators under test at commercial and 
radio frequencies. 


R388.—A NOTE ON THE CATHODE Ray OSCILLO- 
GRAPH.—Juichi Obata. (J. Franklin Inst., 
March, 1926.) 


A discussion of the arrangement (described by 


F. R. Terroux, abstract in E.W. & W.E., February, . 


1926) of using a quartz window to permit external 
photography of short exposures. The present 
writer states that the sensitivity of the beam for 
ordinary dry plates can be somewhat improved, but 
is still inferior to the Schumann plate specially 
sensitised for cathode ray work. The difficulty of 
obtaining simultaneously high electrical and photo- 
graphic sensitivities still remains. 


R400—SYSTEMS OF WORKING. 
R421.—THE LoRENz HIGH FREQUENCY SYSTEM 
FOR RADIO TRANSMISSION.—-F. W. Gillard. 
(E.W. & W.E., April, 1926.) 


R460.-—MULTIPLEX SHORT WAVE RECEPTION.— 
J. K. Clapp. (Q.S.T., March, 1926.) 


It is pointed out that the common use of the 
fixed-tune aerial circuit permits the use of multi- 
plex reception under relatively simple conditions ; 


Fig. 1. 


and that several receivers may be used on one aerial, 


even with the same L.T. and H.T. batteries. The 
circuit of Fig. 1 is shown for two different receivers. 
The coupling condensers should be very small. 
Split headphones can be used, one earpiece joined 
to each set, thus enabling simultaneous listening 
on two different wavebands. Arrangements are 
ilustrated for a simple plug-and-jack arrangement 
for use of either or both earpieces, while a more 
elaborate switching arrangement is shown for the 
use of two telephones with four different receivers. 
The advantages of multiplex reception are dis- 
cussed from the point of view of traffic improvement 
in relay work, and of observation of distances, 
fading, etc. on different wavebands. The arrange- 
ment is also useful in checking wavemeters, par- 
ticularly on standard frequency signals. 
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R500.— APPLICATIONS. 


R521.1.—RADIO AND THE SOUTH AMERICAN FLIGHT. 
—(The Electrician, 12th March, 1926.) 


A description of the wireless D.F. receiving 
apparatus on the Spanish seaplane, “ Ne plus 
Ultra,” during its recent flight to South America. 
The metal construction oi the machine adversely 
affected the receptive power of Bellini-Tosi or any 
other loops. Special arrangements had therefore 
to be made. The fore and aft loops consisted of 
two single turns arranged symmetrically on each 
side of the hull, and joined in series. For a wing 
coil of equal reception, a single turn loop was 
mounted in the plane of the wing. To increase 
reception for the small loops, it was found necessary 
to increase the overall amplification of the standard 
aircraft D.F. receiver. A 12-valve amplifier was 
divided into two units, the first containing 6 H.F. 
stages and a first detector, the second unit con- 
taining an oscillator two stages of intermediate 
frequency amplification, a second detector and note 
magnifier. Interesting details are quoted of the 
accuracy of the D.F. bearings obtained, and their 
great aid to navigation. 


R545.—-AMATEUR RADIO TO THE NORTH POLE 
AGAIN.—F. H. Schnell (Q.S.T., March, 1920.) 


A description of the apparatus to be taken for 
communication (by personnel of the American 
Radio Relay League) between the Detroit Arctic 
Expedition and stations in the United States. 
Photographs and circuit diagrams of the apparatus, 
which is highly portable, are shown. The trans- 
mitter uses two valves on the Colpitt’s circuit 
arrangment, H.T. supply being by batteries of 
300-400 volts. The tuning range is 24 to 78 metres. 
The receiver is a conventional three-valve set 
(detector and two L.F.), with reaction to the aerial. 


R557.—TEACHING SPANISH BY RADIO.—(Inter- 
national Telephone Review, January, 1926.) 


A description of an organised class of 15,000 
persons who listen once a week for instruction by 
wireless in the Spanish language. The course of 
instruction teaches conversational Spanish to the 
students, with the aim of enabling them to travel in 
Latin-America and Spain, and converse in the 
native tongue. The transmission is from KOA, 
the Rocky Mountain Station at Denver, of the 
G.EC. 

A few other American broadcasting stations have 
similar but smaller classes for the study of the same 
language. 


R800.—NON-WIRELESS SUBJECTS. 


R533.85. —POMPE A CONDENSATION FONCTIONNANT 
SUR VIDE PRIMAIRE MEDIOCRE.—L. Dunoyer 
(Comptes Rendus, 15th March, 1926.) 


A description, with illustration, of a mercury- 
vapour condensation pump, capable of being used 
with a low backing vacuum, e.g., 10-30 mm. of 
mercury, such as can be obtained from an in- 
expensive water-jet pump. Two stages of con- 
densation pumping are provided from the one 
mercury vapour supply. A vacuum of 0.00001 
of a millimetre of mercury is obtainable. 


May, 1926 


Some Recent Patents. 


SELECTIVE RECEPTION. 


(Application dates, 29th November, 1924, and 
20th January, 1925. No. 248,087.) 


A rather interesting system of selective reception 
depending upon acoustic differentiation is des- 
cribed in the above British Patent by H. A. P. 
Littledale. Briefly, the invention consists in 
forming a beat note between incoming oscillations 
and a local oscillator, and causing the beat note to 
operate a single earpiece telephone receiver, which 
is connected to a sound column which resonates at 


a definite frequency, a similar earpiece being placed 
at the other end of the sound column. This ear- 
piece is connected either to an amplifier and 
telephone receiver, or another similar resonator. 
The accompanying diagram illustrates the idea 
very briefly. It will be seen that a receiver R is 
provided with the usual aerial A and earth E, and 
the locat oscillator O. The frequency of the local 
oscillator is adjusted so that a beat note is obtained, 
the rectified output of the receiver and local 
oscillator being connected to the telephone receiver 
Tı. This is placed at one end of a tube or sound 
column S, while another telephone, Ta, is placed 
at the other end. The telephone Tą is connected 
to the primary of a transformer Q, which in turn 
is connected to an amplifying valve V. This 
valve is shown provided with a pair of telephone 
receivers in the normal manner. The sound 
column S is tuned by moving one of the earpieces 
until the requisite length of air column is obtained. 
It is well known that the natural frequency of an 
air column which is closed at both ends is equal 
to halfthe wavelength. Thus, fora given frequency, 
that is, the pitch of the beat note, the length of air 
column for resonance can easily be calculated. 
The best beat note to use is that of the order of 
the natural frequency of the earpiece telephones. 
Under these conditions, if the diaphragm of the 
telephone T is energised it will set the air column 
in the two into resonance, and the oscillations will 
impinge upon the diaphragm of the earpiece T3, 
which will then respond at the same frequency. 
This will cause a potential to be set up across the 
ends of the windings which are connected by means 
of the transformer Q to the valve V. If now the 
diaphragm of the earpiece T, is energised at 
another frequency due to a difierent beat note 
caused by an interfering station, or, perhaps, a 
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static or other similar interference, the telephone 
earpiece T, will not be affected to any material 
extent, since the sound waves within the air column 
at frequencies over that of resonance will be of 
very small amplitude, and consequently the 
diaphragm of the earpiece Ta, which, of course, is 
acting as a magneto-microphone, will not be afiected 
to any material extent. The valve V can either 
be used as the last valve of the receiver, or the 
anode circuit may contain another resonator device, 
consisting, of course, of another earpiece similar 
to Tı. We should imagine that experimenters 
would find the system exceedingly useful for 
continuous wave reception when atmospheric 
disturbances are very bad. The specification is 
fairly detailed, and describes several modifications 
and uses of the system, such, for example, as 
measuring signal strength. 


DETACHABLE PANEL LEGS. 
(A pplication date, 29th January, 1925. No. 247,725. ) 


W. H. Liles and J. K. Pennington describe in 
the above British Patent specification the con- 
struction of detachable legs for supporting panels 
either required for experimental work, or particu- + 
larly during the process of wiring. The idea of the 
invention can be seen by reference to the accom- 
panying illustration. It will be noticed that the 
legs consist of a rod R provided with a screwed 


portion S, which co-operates with a thread in a 
small channel C. The legs are attached to the 
panel by placing the channel on the edge of the 
panel, and rotating the rod until the end of the 
screwed portion bites the under surface of the panel. 
Another modification of the leg consists in providing 
the channel C with another link or rod L, thereby 
enabling the panel to be inverted for the purpose 
of working on the opposite side. 


CATHODE RAY RECEPTION. 
(A pplication date, 20th January, 1925. No. 247.344.) 


A system of selective reception embodying a 
cathode ray tube is described in the above British 
specification, No. 247,344, by C. Seymour, D.S.O., 
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and C. A. Horton, B.A. The system functions by 
virtue of the fact that by applying the output of 
an amplifier to an arrangement of deflector plates 
associated with a cathode tube the cathode stream 
may be deflected, the deflection depending upon the 
nature of the applied voltages. The system is 
similar to the direct reading directional receiver of 


kavahro 


— I. 
—d 


Watson Watt. The accompanying diagram illus- 
strates the broad idea of the invention. C is a 
cathode tube comprising a filament F and an anode 
A of cylindrical formation, which tends to concen- 
trate the cathode stream into a narrow beam. The 
filament is heated by the usual battery B, and 
the anode is connected to a high tension battery H 
through the usual resistance R, the anode being 
earthed. Two pairs of deflector plates are em- 
ployed, PE and QE. The collector A comprises 
two wires separated by a distance of about I mm., 
the wires being connected between the grid G and 
filament of a valve V,, which is associated with the 
usual telephones and batteries. Two directional 
loops, such as the well-known Bellini-Tosi combina- 
tion, are connected through separate amplifiers to 
the deflector plates. For example, the anode 
circuits of the last valves may contain a resistance 
across which voltages will be produced, these 
voltages being transferred to the two pairs of 
deflector plates PE and QE. Thus, according to 
the phases and amplitudes of the two sets of 
voltages or deflection forces, so the nature of the 
deflection will vary. The cathode tube can then 
be rotated with respect to the deflector plates, the 
desired signal voltages thus causing the cathode 
stream to move with respect to the collector wires, 
this giving rise to potential variations in the anode 
circuit of the valve V,. Thus it will be seen that 
undesired signals or atmospherics and other 
similar disturbances will give rise to totally different 
r 
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deflections, probably only causing the cathode 
stream to move about the collector wires while 
causing no change of potential to occur. The 
deflections, of course, is determined by the direction 
of the incoming signal and its frequency charac- 
teristic, and the phase relationship of the voltages. 


A FOUR-ELECTRODE VALVE AMPLIFIER. 
(Application date, 27th November,1924. No. 248,076.) 


A rather interesting method of utilising a four- 
electrode valve is described in the above British 
Patent granted to Marconi's Wireless Telegraph 
Company, Limited, and E. W. B. Gill. The 
invention simply consists in providing the inner 
grid with a fairly high positive potential so as to 
neutralise the effect of the space charge, and 
including in the inner grid lead an audio-frequency 
choke, very highly magnified voltages being set up 
across this choke, which are then applied to an 
ordinary valve, which may operate a loud-speaker. 
It is well known, of course, that if the anode of a 
four-electrode valve is made positive, and the 
potentials to be amplified are applied to the outer 
grid, and also if the inner grid is made positive the 
inner grid may be regarded as the output anode, 
and current in the inner grid circuit will vary in 
accordance with the outer grid potentials. If the 
relationship between the inner grid current and outer 
grid potential is plotted it is found that as the 
potential in the inner grid is increased by equal 
increments the outer grid current increases by 
decreasing amounts. It has been found that with 
certain types of valves and values of outer grid 
potential between certain limits the magnification 
is independent of the outer grid potential. The 
effect of this is as if the valve had an amplification 
factor whieh increased at a very rapid rate. Thus 
the valve is arranged as an amplifier in the manner 
shown in the accompanying illustration. The 
audio-frequency voltages to be amplified are applied 
by a transformer T to the outer grid G, of a four- 
electrode valve V4g. The anode A is given a 
positive potential by a battery B,. The inner 
grid G, is connected through an impedance con- 
sisting of an audio-frequency choke Z to a battery 
B,, a coupling condenser C being connected between 
the upper end of the choke and the grid of a three- 


electrode valve, which is associated with the usual 
loud-speaker and batteries. The invention states 
that the overall magnification approximates to an 
inverse function of the frequency, and is very high 
for audio-frequencies. It is further stated that the 


May, 1926 


magnification is dependent upon the self capacity, 
or, rather, the capacity in shunt with the choke. 
In the case of the circuit shown the choke has in 
parallel with it through the coupling condenser the 
grid-leak G. This shunt path tends to produce 
substantially equal amplifications at all frequencies, 
and this is further helped by the fact that the choke 
is never theoretically a perfect one. A resistance, 
of course, can be substituted for the choke Z, but 
necessitates a higher battery voltage. 


A POLYGONAL DIAPHRAGM. 
(Application date, 26th May, 1925. No. 248,228.) 


A very novel form of diaphragm construction 
and energisation are described by the Western 
Electric Company, Limited, in the above British 
Patent, a specification which all those who are 


interested in the hornless type of loud speaker 
would do well to study. The diaphragm is made 
essentially in the form of a polygon, a trapezoidal 
construction usually being adopted. One modifi- 
cation is shown in the accompanying illustration, 
the diaphragm being in the form of a trapezoid. 
One long parallel side of the trapezoid is rigidly 
fixed, while the opposite side is provided with a 
means of energisation. Thus, in the illustration, 
a rigid framework and base F support the 
diaphragm D. The diaphragm is clamped along 
its upper edge to a support S, which is attached to 
the top of the framework by means ot a screw Z and 
locking nuts. Two other screws and lock nuts Q 
are also fixed to brackets at each end, and co- 
operate with two members M. It will be seen that 
by adjusting the screws Q, Q, Z the diaphragm may 
be stretched more one end than the other, and also 
the tension as a whole may be varied. The lower 
end of the diaphragm is fixed to a rod R. This 
rod is carried on knife edge bearings K, at each end 
of the framework, this rod being used to drive or 
energise the diaphragm, and is linked to an ordinary 
telephone mechanism T. This is preferably of the 
Baldwin balanced type of armature, and is con- 
nected so as to tend to produce a rotation of the 
rod about the knife edges. In other words, a 
torsional effect is obtained which acts at right 
angles to the plane of the diaphragm. The 
diaphragm or sound radiator is preferably made of 
parchment paper, blotting paper, fabric, or light- 
weight metal such as aluminium. Another impor- 
tant feature of the diaphragm is its dimensions. 
The width of the narrow end should be approxi- 
mately halt the wavelength of the highest frequencies 
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it is desired to obtain, while the other end should 
be half the wavelength of the lowest frequencies it 
is desired to obtain. At the higher frequencies 
the smaller end of the diaphragm will absorb and 
radiate to the air most of the vibrational energy, 
while for the lower frequencies the vibrations will 
tend to spread over the diaphragm as a whole, 
particularly towards the wider end of the area 
which is actually set into vibration while depending 
upon the frequency of vibration. Conversely, at 
the lower frequencies the sound impedance of the 
diaphragm will be low, and the energy will be 
transmitted along the rod to a point where the 
increased width will permit of resonance. Another 
interesting point is that the velocity of the sound 
in the driving member, t.e., the rod R, may be 
made greater than that of the diaphragm, and 
consequently the distribution of the various com- 
ponents along this rod do not tend to produce any 
appreciable distortion owing to a time lag at the 
lower frequencies. The specification is very de- 
tailed, and describes several alternative forms of 
construction. Instead of making the diaphragm in 
the form of a plane it may be made hollow and 
stiffened so as to be polygonal in cross section. 


A RECTIFICATION SCHEME. 


(Convention date (Australia), 237d August, 1923. 
No. 220,942. 


A rather peculiar arrangement of electrical 
apparatus which, it is claimed, rectifies, amplifies, 
relays and transmits is claimed by S. le F. Farvel 
in the above British Patent. The invention is best 
understood by reference to the accompanying 
illustration. A source of oscillations is applied to 
the primary winding P of a high frequency trans- 
former, the secondary S of which is connected in 
series with a variable resistance R,, which is also 
in series with a battery B, and windings W, arranged 
round the limbs of a permanent magnet M. The 
poles of the permanent magnet M are brought close 
together so as to concentrate the field. Located 


within the small air gap is a coil C made of bismuth 
or antimony alloys, the coil preferably being in the 
form ofa ribbon. The coil is in series with another 
battery B,, an indicator J such as a telephone or 
galvanometer, and a resistance KR,. It is stated 
that the passage of an oscillatory current through 
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the windings of the permanent magnet alters the 
distribution of the lines of force, and at the same 
time alters the resistance of the coil in the gap, 
thereby causing variation of direct current through 
the indicating device. It is stated that two or 
three arrangements may be used to act as amplifiers, 
and also the apparatus may be employed as a 
generator of oscillations. 


X 


A PUSH-PULL AMPLIFIER. 


(Convention date (U.S.A.), 11th July, 1924. 
No. 236,911.) 


A method of connecting a four-electrode valve as 
a push-pull amplifier is described by J. C. Warner 
and The British Thomson-Houston Company, 
Limited, in the above British Patent No. 236,911. 
In the accompanying illustration a resistance R, is 
connected between the outer grid and filament of 
a four-electrode valve, t.e., across a source of 
potentials to be amplified. Two resistances, Re 
and R, are connected in series. One end of the 
resistance R, is connected to the anode A, while 
the junction point is connected to a source of high 
voltage. The other end of the resistance R, is 
connected through a resistance R to the space 
charge or inner grid. A load circuit, such as a 
telephone receiver or other indicating device, is 
connected across the free ends of the resistance R,, 
and Rg, i.e., across the points X and Y.. The values 
of the resistance R, Rs and R, are so adjusted 
that when any variation is applied across the 
resistance R, the current flowing through the 
resistances R, and R, are of such a value that the 
voltage drop across the two resistances is equal. 
In other words, there is no potential difference 
between the points X and Y. The object of the 
resistance R4 is simply to lower the potential 
applied to the space charge grid. If, now, the 
potential of the outer grid increases due to a source 
of potentials to be amplified, the current flowing 


through R, will increase, t.e., the potential of the 
point X will be lowered. Similarly, the current 
flowing through R, will decrease, which means 
that the potential of the point Y will be increased. 
Thus it will be seen that a current will flow through 
the load circuit L,, thereby causing it to become 
operative. A modification of the invention provides 
for the amplification of alternating current, in which 
case the resistance R, is replaced by a transformer, 
and the two resistances KR, and R, are replaced 
by a centre tap choke. 
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CONTROLLING A CONTINUOUS WAVE 
GENERATOR. 


(Convention date (France), 10th September, 1924. 
No. 239,856.) 


A rather interesting system of controlling a con- 
tinuous wave generator either for the purpose of 
keying, or maintaining constant frequency, is 
described in the above British Patent, which has 
been granted to Société Francaise Radio-Eléctrique. 


L 
K 
La 
Briefly, the invention consists in beating the 


generator oscillations with those of a small local 
oscillator which is screened in a Faraday cage, 
rectifying the resultant beat current, rebeating at 
a lower frequency, and passing the rectified current 
through “saturation ° chokes contained in the 
main oscillatory circuits of the generator. The 
main oscillatory circuits of the generator are shown 
diagrammatically as an inductance L; and a 
capacity Cı. Between this capacity and inductance 
are the high frequency windings of the saturation 
chokes, the primary P being shunted by a capacity 
C3. A local screened and stable oscillator L is 
provided with two inductances L, and Ls, the 
inductance L, being coupled to an inductance L, 
tuned by a capacity Cs. Across the inductance L3 
is a key K, which short circuits the inductance, thus 
altering the frequency of the local oscillator. L,C, 
is an oscillatory circuit tuned preferably to the 
mean frequency of the main emitter and the local 
oscillator, the frequency of which is slightly greater 
or less than that of the main oscillator. This is 
connected to a valve V, which acts as a rectifier. 
An inductance Lg which otfers a high impedance to 
the rectified beat frequency being contained within 
the anode circuit. This inductance acts as the 
primary of a transformer, the secondary of which, 
L, C4. is tuned to a slightly higher frequency, and 
is suitably damped, with the result that another 
potential will be set up across them, which is again 
detected by the second valve. The anode circuit 
of the second valve contains the primary windings 
of the saturation chokes, which will then be traversed 
by a continuous rectified current, the value of 
which will be higher as the interference frequency 
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approximates to the natural frequency of the 
circuit L, C,. Thus it will be seen that altering 
the frequency of the local oscillations by short 
circuiting the inductance L, causes a change in 
frequency of the main oscillator, whereas, con- 
versely, if the frequency of the local oscillator is 
maintained dead constant the frequency of the 
main oscillator will also remain constant. 


AN ELECTRO-DYNAMIC LOUD-SPEAKER. 
(A pplication date, 27th October, 1924. No. 248,026.) 


W. Dubilier and The Dubilier Condenser Company 
(1921), Limited, describe in the above British 
Patent the construction of an electro-dynamic loud- 
speaker of a rather novel type. Referring to the 
accompanying illustration it will be seen that the 
loud-speaker comprises an electro-magnet consisting 
of a core C provided with a central pole piece P. 
The core is also provided with three openings O and 
communicate with the sound conduit or horn S. 
An internal extension X of the core serves to hold 
a diaphragm D. The diaphragm comprises a light 
coil of aluminium or similar insulated wire, which is 
preferably interwoven with silk so as to act as a 
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support and also tends to reduce any natural 
period. A central pole piece P is provided with a 
winding W, to which speech current is applied. 
The ends of the coil diaphragm are connected to 
a source of direct current in the form of a battery B. 
Thus it will be seen that there is a steady flux sur- 
rounding the actual diaphragm, due to the passing 
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of the steady direct current, and when speech 
currents are applied to the windings W a consider- 
able variation in flux will occur in the normal 
manner. This flux will link with that of the coil 
diaphragm, altering the attraction and repulsion, 
thereby causing the diaphragm to vibrate and thus 
energise the sound in the sound conduit. 


AN ELECTROSTATIC MICROPHONE. 
(Convention date (Germany), 9th July, 1925. 
No. 248,255.) 

The above British Patent, granted to Tri-Ergon 
Aktiengesellschaft, describes the construction of an 
electrostatic microphone, which should be of 
interest to experimenters. The difficulty of obtain- 
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ing constancy is overcome by the method of 
mounting the diaphragm. In the accompanying 
illustration it will be seen that the diaphragm D 
of mica or similar material is covered with foil 
coating, and acts as one of the electrodes of the 
condenser. This is clamped between two rings 
A and B, the inner edge of the ring A being cham- 
fered as indicated. The other electrode of the 
condenser comprises another ring C, which is fixed 
to the ring B by means of a screw and insulating 
washer W. Before the microphone is assembled 
the diaphragm D is stretched perfectly tight. It 
will also be noticed that the inner ring C comprising 
the other electrode is provided with a movable 
disc E adjusted by a screw S. Insulating washers 
N are inserted as shown. Thus it will be seen that 
on screwing the microphone together the insulating 
washers N will bear upon the mica diaphragm, 
causing the latter to become heavily stretched, the 
diaphragm taking up the position indicated. A 
similar adjustment, of course, is carried out by the 
middle disc and screw. The specification mentions 
that the co-efficients of expansion of the metals 
used for the various rings should be as nearly as 
possible equal so as to avoid any sagging or change 
in tension of the diaphragm. 
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Historical Wireless Apparatus at Munich. 


NEW science museum, known as Das 
A penseo Museum, was officially opened 

in Munich a year ago. In it has 
been brought together a great amount of 
original apparatus illustrating the historical 
development of various branches of science, 
and the collections representing electrical 
science are so rich in original apparatus 
actually used by many of the pioneers whose 
names are now household words, that Munich 
will now have a still greater attraction for 
those tourists who to a love of art add an 
appreciation of scientific achievement. 

There one can see the apparatus used by 
Otto von Guericke, Ampere, Ohm, Fraun- 
hofer, Helmholtz, Hittorf, Rontgen, Hertz, 
and many others. Wireless telegraphy is 
very well represented, a room being specially 
devoted to this subject. Feddersen's ap- 
paratus, with which in 1862 he demonstrated 
the oscillatory nature of the sperk discharge, 
was presented in 1906 by Feddersen himself, 
who personally superintended its installation. 
Some of the original photographic negatives 
of the spark discharges are shown. 

In a neighbouring case is the apparatus 
with which Hertz first noticed the effect at 
a distance when a Leyden jar was discharged, 
and the apparatus with which in 1870 von 
Bezold demonstrated the nodes and antinodes 
of stationary electric waves on wires. Then 
we come to the original Hertz transmitter 
and receiver, presented to the Museum by 
the Baden Government, and a small collection 
of apparatus most of which was actually made 


by Hertz himself and presented by his widow 
in 1906. Here we see the original oscillators 
and resonators of various sizes and shapes, 
the wire cage polarisers, the large zinc 
parabolic reflectors, and the 12 cwt. pitch 
prism with which he refracted the waves. 

The original Lecher wires of 1890 and the 
Arons tube of 1892 in which the Lecher 
wires are run in a vacuum are both here. 

There is a collection of early wavemeters, 
including those of Zenneck, Slaby, Donitz, 
Rendahl and Scheller. 

Unfortunately, Braun’s original coupled 
transmitter which he presented in 1906 was 
sent to America for Patent purposes during 
the war and has been lost, but an exact 
model has been made by Prof. Zenneck. 

As an actual commercial transmitter of 
historical interest there is the Cuxhaven 
station, installed by Siemens in 1900 to work 
to Heligoland. All the subsequent develop- 
ments are illustrated, including Poulsen's 
original laboratory arc transmitter, presented 
to the Museum in 1908. Among frequency 
doublers there is an experimental apparatus 
with rectifying cells made by Zenneck in 
1899 and the original apparatus of Epstein 
(1902) and Goldschmidt (1908). There is also 
the original experimental Goldschmidt alter- 
nator giving Io kilowatts at a frequency of 
15,000. There is a very complete collection 
of the various types of detectors which have 
been employed at various times in the 
development of radio telegraphy, and 
naturally, thermionic valves in all their 
manifold applications are well represented. 
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The Correlation of Some Recent Advances 
in Wireless. * 


Section 1. 


IRELESS telegraphy and tele- 
W ions are mainly based on the 

study of the theory of oscillations. 
Transmitters generally consist of an 
apparatus by means of which free oscillations 
are produced. Receivers on the other hand 
are principally designed to deal with forced 
oscillations, whilst the transmission through 
the intervening space between transmitter 
and receiver is a typical example of wave 
propagation problems. 

“ Wireless ” may thus be said to be the 
Science of Oscillations. The first question 
is : “ How are these oscillations, and especi- 
ally electric oscillations, produced ? ” This 
may be effected in three different wavs :— 

(A) Assuming that oscillations of a fre- 
quency w have been set up and are there- 
fore available in one circuit, it 1s possible, 
by electrically coupling a second circuit to 
the first, to set up in the second circuit 
oscillations which, generally speaking, will 
have the same frequency as the primary 
oscillations. A wireless receiver will thus 
oscillate under the influence of the oscil- 
lations in the transmitter. Oscillations which 
are of the same frequency as those by which 
they are produced are generally called 
forced oscillations. An instance of this is 
furnished by the well-known resonance 
phenomenon, where the receiving circuit is 
tuned to the transmitter oscillations. 

(B) It is also feasible to produce oscil- 
lations by applving a constant force, or in 
electric parlance, to generate alternating 
from direct current. The arc-transmitter, 
triode-transmutter, electric bell and organ pipe 
are instances of this method of producing 
oscillations. A further example is the reci- 
procating steam engine, where a rotary 
motion (t1.e., a particular form of oscillation) 

* This article was first published in the Dutch 


language in the Polytechnisch Weehblad, igth 
November, 1925. 


By Balth. van der Pol, D.Sc. 
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is imparted by a constant pressure of steam. 
Further on an electrical analogy of the last 
example will be given when discussing the 
multi-vibrator and the oscillating Neon lamp. 

(c) Given that electric oscillations of 
frequency wt are available, it is possible, with 
suitable apparatus, to produce two new 
oscillations of frequency w+p and w—p 
respectively, wherein p often bears a simple 
ratio to w. 

Two instances of this method of producing 
oscillations, the correlation of which is not 
immediately apparent, are the frequency- 
doubler and the rectifier. In each case 
p=w and the frequencies resulting from 
w are :— 

w+w=2w 


and wW—w—O0 


t.e., in addition to setting up an oscillation 
of double frequency 2w an oscillation of zero 
frequency is generated, or in other words 
direct current or direct current magnetisa- 
tion is produced. In the frequency-doubler 
the direct current component is ignored and 
the double frequency alternating current 
only is used, which is separated out by 
tuning. In the rectifier the double fre- 
quency current is neglected, use being made 
of the direct current only, which is separated 
out by means of choke coils and smoothing 
condensers, t.e., a circuit tuned lo direct 
current is used. A further example where 
p=17/18w will be discussed in due course. 


Section 2: 

In order to render the methods of 
oscillation production more comprehensive, 
they were classed under three headings (A) 
(B) and (c); it can be shown however that 
(A) and (B) are merely variants of (c). For 
reverting to the general problem of trans- 
forming oscillations of frequency w+p and 


» 


+ [Throughout this article “' frequency” is used 
for the angular velocity of the vector, t.e., 27 times 
the number of cycles per second.—ED.] 
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w—p from an oscillation of frequency e, 
which may be more simply denoted by 


J ORP 
aa O ... .. (1) 


the following problems may be more closely 
investigated :— 


———»o 
I. p=o and therefore wl ., 
ee kuj 
i.e., We obtain forced oscillations of identical 
frequency. 
II. w=o hence o l 


——p 
—-» — pP 


this denotes (seeing that an oscillation of 
—p frequency simply means an oscillation 
of +p with its phase shifted through 180°)* 
the generation of an alternating current of 
frequency p from a direct current. 
p 20 

III. w=p hence ed 
this represents the frequency-doubler and 
rectifier mentioned above. 


S —> (1+7) w 


a 
„DL ence ON +(I—) = 


wherein m/n denotes a fraction reduced to 
its lowest terms. 

Taking the special case where p =4w the 
following notation is obtained 


—+3/2 w 
E w 


In this case the oscillation of frequency w 
gives rise to two oscillations, one of which has 
a frequency of only half that of the original 
oscillation, an instance of frequency division 
to which further reference will be made 
subsequently. 

From the examples given it will be seen 
that the problem of oscillation production 
is really identical with that of frequency 
transformation,“ it being understood that a 
direct current can be considered as an 
alternating current of zero frequency. 


Section 3. 
We are next faced by the second 
problem, 1.e., that of ascertaining the con- 
ditions to which an electric system must 


IV. p= 


e This is clear from the fact that the vetor: 


rotates in the opposite direction. 
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comply in order to effect the described 
frequency transformations. Clearly such a 
system should conform to different require- 
ments according as it is desired to produce 
transformation I., II. III.or IV. It is not 
intended to give a general answer to this 
question, but rather toinvestigate the problem 
of oscillation generation from another point 
of view, in which particular instances will be 
cited giving an automatic solution of the 
problem. 

Going back to the now obsolete ““ spark 
transmitter” we find that this embodies 
an oscillating circuit (Fig. 1) consisting of a 
self-inductance L, a resistance 7, and a 
capacity C, 1.e., a circuit complying with the 
conditions of the differential equation :— 


pela, tlp E mio sien i) 


Fig. 1. 


When a spark passes the gap a damped 
oscillation is set up. In the following con- 
siderations of the problem it is intended to 
revert to the above simple oscillatory cir- 
cuit, but to vary the constants in the above 
equation one by one, and thus follow step 
by step the inventions and new methods 
introduced in recent years. In the simple 
spark transmitting circuits L, 7 and C are 
constants, 1.e., they are independent of the 
time and independent of the momentary 
current passing through the circuit. 


Section 4. 

However, before following up this idea 
we first consider a circuit consisting of a 
battery E and a variable resistance 7 in 
series with the fixed resistance R (see Fig. 2). 
If the rheostat (variable resistance) is now 
moved rapidlv to and fro with a slight pause 
at the end of each move, the resistance of 
the circuit will vary between the limits 
R+r and R (Fig. 2). The current in the 
circuit will consequently vary between 

Di The general problem of frequency transforming 
represented as indicated above, was discussed by 
the author in a paper read before “ Diligentia.” 
and published in Physical Science Lectures (Dili- 
gentia), New Series, No. 2, p. 180, 1924. 
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E/(R+r) and E/R, the P.D. V, across the 
' rheostat will vary between rE/R+r and 
zero. Owing to the fact that the resistance 
of the circuit is varied the source of power 
E gives rise to a current which may be split 
up into a direct current fo where 


. R+ı1/2r 
ORR 


and a peaked alternating current of ampli- 
tude 7, in which 

r/2 
R(R-rr) 
By referring to Fig. 2 it will be seen that 
the potential drop over the variable resistance 
is at a maximum when the current is a 
minimum and vice versa, t.e., as the P.D. 
rises the current falls off. This property 
of a conductor is generally called “ negative 
resistance,” the conductor in other words 
has a dropping characteristic, which is one 
of the conditions necessary to render it 
suitable for converting direct into alter- 
nating current. 


i = 


Section 5. 


We have just seen that when the 
resistance of a circuit is varied periodically 
by some external cause, alternating current 
may be generated. Going one step farther, 
if we can let the current in the circuit itself 
cause the resistance to vary, continuous 
oscillation would be set up in the system. 
What is meant, however, by letting the 
current cause the resistance to be varied ? 
The answer to this simply means a diver- 
gence from Ohm's Law. The resistance is 
no longer constant, as is the case in ordinary 
metal conductors, but now becomes a func- 
tion of the current passing through it. In 
order to set up spontaneous undamped 
oscillations in the circuit shown in Fig. 1 of 
frequency 


I 
ACE 


the resistance r can no longer be considered 
constant but must now be expressed by 


r=r(t) Su .. (3) 
in which r(z) denotes that r is a function of 
the current 7. 


Only by adhering to these conditions is it 
possible to produce alternating current from 
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a D.C. source. (Case II.)—equation (3)— 
may be satisfied by the introduction of an 
arc-lamp, a triode with reaction, a dvnatron, 
etc., but it is not intended to go further 
into the deduction of the above equation. 
Put into words, equation (3) simply means 
that the characteristic curve must be bent. 

It has been found that the oscillating 
circuit as shown in Fig. I can only generate 


Fig. 2. 


damped oscillations when L, r and C are 
constant as long as 


rea NE sist -„ (4) 


The oscillators just cited fully satisfy the 
conditions laid down in equation (4) for the 
range of amplitudes over which it is usual 
to work (7 is obviously dependent on the 
oscillation amplitude seeing that it depends 
on the current in the circuit). The fre- 
quency of the oscillations generated is 
expressed by 


VC 

The Abraham-Bloch multi-vibratorY which 
consists essentially of a two-stage resistance- 
coupled retroactive ampliĥer, forms a triode 
svstem capable of generating oscillations 
rich in harmonics, which are so stronglv 
represented that the Iooth can be separated 
out. This circuit is a further example of 
that shown in Fig. 1 and, similarly to the 
normal triode oscillator, the resistance is 


* Abraham & Bloch, Journ. de Phys., 1919. 
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again a function of the current, so that the 
condition of equation (3) is once more 
satisfied. However, for the multi-vibrator, 
equation (4) is changed to 


r»aNt ps -.. (5) 


4 


It is possible to maintain continuous oscil- 
lations conforming with the conditions laid 
down by (3) and (5) but such oscillations 
diverge considerably from the sine curve, 
being more peaked. The frequency is, 
moreover, no longer determined by the 
equation 


Ge E 
VCL - 

but the time period is approximately given 
by the product of the resistance into the 
capacity, t.e., a relaxation time. Such 
oscillations belong to a separate group and 
can conveniently be called relaxation-osctl- 
lations. These relaxation-oscillations may 
be produced in a circuit as shown in Fig. 3 
in which a Neon lamp may be used at A.* 


pos 
Ĉ 
» 


Fig. 3. 


Thus, if R is I megohm and C a capacity of 
IF, the circuit would oscillate with a time 
period of the order 


RC=IOSXIO-~4 = I second 


so that the lamp will light and extinguish 
once every second. 

Mention has already been made of the 
diode or rectifier as an example of a frequency 
transformer, in which a direct current is 
produced from an alternating current of 
frequency w (Case III.). In this instance 
again the operation depends on the bend of 
the characteristic so that the conditions of 
equation (3) are satisfied. The bend is 
therefore essential both for converting from 
D.C. to A.C. and vice versa. 


* See Schallreuter, Ueber Schwingungs Erschet- 
nungen in Entladungsrihren. 
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Section 6. 

The various properties of the original 
circuit of Fig. 1, obtained by making 7 a 
function of the current, having been fully 
discussed, it is now proposed to investigate 
what will happen if the self induction L is 
made a function of the current such that 


L=L() .. .. (6) 


An example of this is a coil with an iron 
core in which the permeability depends on 
the field strength. In this case the bend of 
the characteristic is again indicated, only 
the bends under discussion are now moved 
one term to the left in the differential 
equation (2). These bends are largely used 
in connection with the well-known frequency 
amplifiers such as are used, e.g., at the 
Dutch transmitting station of Kootwijk. 
An example of considerable interest in this 
connection is the development made by 
Schmidt“ who succeeded in bringing out 
the 47th harmonic in a single step, Whilst 
at the same time maintaining a high efħ- 
ciency. In passing reference should be 
made to the interesting investigations carried 
out by Zenneckt and Heegnert which deal 
with oscillation circuits in which iron-core 
self induction coils are inserted. 

Heegner's circuit, as shown in Fig. 4, illus- 
trates the principle of frequency dividers as 
opposed to frequency multipliers. 

Circuit I, which includes the alternator 
E, is tuned to the alternator frequencv w. 
The circuits 2 and 3, which are coupled to 
the first circuit as well as to each other by 
the iron ring transformer, are tuned respec- 
tively to frequencies w+p and w—p. The 
sole function of the fourth circuit is to pro- 
vide the D.C. magnetisation of the iron ring. 
By means of a suitable choice of the con- 
trolling factors, alternating currents are set 
up in circuits 2 and 3, the frequencies of 
which correspond with the respective tunings 
of these two circuits, viz., w+p in circuit 2 
and w—p in circuit 3. Heegner was able 
to obtain p=17/18 w, such that an alter- 
nating current was produced in circuit 3 
the frequency of which was 1/18 of that 

* Schmidt, E.T.Z., 40, 910, 1923. 

$ Zenneck and others in several articles in 
Zts. fir Hochfrequenztechnik, 1924. 

t Heegner, Zts. für Physik 29, 91, 1924 and 33, 
95. 1925. 
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‘supplied by the generator E, a remarkably 
fine instance of frequency reduction. 


Section 7. 

Returning once again to the well-known 
circuit, shown in Fig. I, the resistance 7 
and the self induction L have successivelv 
been made a function of the current. The 
question now arises as to what will take place 
when the capacity C is made dependent on 
the current. Although this point could 
readily be discussed from a mathematical 
point of view, no practical object would be 
attained by further investigating this, in 
view of the fact that so far no material has 
been discovered, the dielectric constant of 
which varies with the field strength to any 
marked extent. 


VOOOO 


10E 


Section 8. 


In the examples already discussed 7 and 
L were made to vary with the current. 
The momentary value of the latter, deter- 
mines the momentary respective values of 
the resistance and inductance ; these in their 
turn react on the value of the current. This 
complicated interaction is consequently 
somewhat difficult to grasp in detail and the 
mathematical solution is rather involved. 
The problem is considerably simplified by 
making 7, L and Cin Fig. 1, a definite function 
of the time, 1.e., rigorously influenced by 
external means. In such a case the values 
of r, L and C would be independent of the 
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current. Itis of primary interest to investi- 
gate the effects obtained when 7, L and C 
vary periodically, viz., when their values 
themselves oscillate. 


Section 9. 


Taking first the case in which the 
resistance of the circuit in Fig. I ts varied 
periodically we have 


(7) 


in which g denotes the frequency of the 
oscillation of the resistance. 


When g lies within the audible range of 
oscillations, but the resistance is varying 
slowly in comparison with the time of oscil- 
lation of the high-frequency oscillations, we 
obtain an example of the Armstrong super 
regenerator,* Which is, in fact, an oscillation 
circuit having a periodically varying resis- 
tance. This variation in resistance can be 
obtained in practice by varying the grid — 
or anode potential of a retroactive triode 
system by means of a second triode oscil- 
lating circuit of frequency g. 


The effective resistance of the former cir- 
cuit is thereby caused to alternate between 
positive and negative values, thus rendering 
the system remarkably sensitive to forced 
oscillations. It is not intended further to 
investigate this point at present. i 


Section 10. 


step is expressed by the 
equation 


C = C(t) = Co + Cr sin qt (8) 


This time the capacity C of the circuit in 
Fig. 1 becomes a periodic function of the 
time. If q is again an audible frequency 
we obtain an example of the condenser micro- 
phone, the theory of which has been investi- 
gated by Carson.t 

The capacity of an oscillating circuit being 
thus varied at an “ audio-frequency,” the 
frequency of the transmitted oscillations also 
is varied periodically, which may or may not 
be regarded as a frequency modulation as 
opposed to amplitude modulation more 
commonly met with in wireless telephony. 


r=r(t)=nt+*r, singt... 


The next 


* Armstrong, Proc. Inst. of Radio Eng., 10, 
244, 1922. 


t Carson, Proc. Inst. of Radio Eng., 10, 57, 1922. 
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Section 11. 


The final case to be investigated is 
expressed by 


L=L(D=L,hL, singt... (9) 


In this case the inductance L in the circuit 
shown in Fig. I ts varied periodically. In 
the main, cases (8) and (9) are analogous ; 
for example, if in case (9) the frequency g 
hes within the audible range, we obtain an 
instance of magnetic telebhonic modulation, 
in which the iron-core self-inductance of a 
high-frequency system is altered to the 
rhythm of speech by means of an alternating 
current of audio-frequency. 


Section 12. 
Cases of considerable interest are obtained 
when the frequency g of the oscillation of 
L and C attains a value of the order of 


I 
VOL 


with which the L, C, r circuit would oscil- 
late freely itself. For example, in Fig. 1, if 
L and r are kept constant, but the capacity 
C is varied by a small amount with a rapid 
periodicity of frequency 2w, t.e., double the 
normal frequency of the system, we woul 
have ' 
C= C,-rHC, sin 2wt 


w = 


in which 
I 
Ww = TE o RR EES 
V CoL 
Without resorting to any external electro- 
motive force, a continuously increasing 
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current* would be generated spontaneously 
in the circuit. The energy for this current 
is derived from the work done by the force 
which draws the automatically charged 
plates of the condenser repeatedly apart. 
The condition for the occurrence of this 
phenomenon is, according to our calculations, 
expressed by 


t.e., the logarithmic decrement ĉ of the circuit 
must' be less than ~/2 times the maximum 
variation ratio of the capacity. Experi- 
ments to verify these theoretical deductions 
are at present being made. 


Section 13. 

The foregoing is intended to be a 
summary of the modern development of 
wireless telephony and telegraphy as viewed 
from one single point of view. It was not 
possible to make it complete, although it 
was found feasible to correlate several new 
inventions which at first sight appeared to 
stand quite apart. The generation of new 
oscillations from a given oscillation was 
principally discussed. The well-known com- 
bination tones, on which heterodyne reception 
depends, were not touched upon, though the 
application of these in super-heterodynet 
work is daily becoming more prominent. 


These combination tones are produced from 


two given oscillations setting up two new 
oscillations made up of the sum and difference 
of the former. 


* 1.e., a continuously increasing alternating cur- 
rent of frequency w. 

t Armstrong, Proc. Inst. of Radio Eng., 12, 539,. 
1924. 
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LL Charts for Selective Amplifiers. 


By W. A. Barclay, M.A. 


(E.W. 6 W.E., October, 1925) Mr. P. K. 

Turner analysed the factors which make 
for “ efficiency ” as opposed to “ selectivity ” 
in tuned H.F. circuits, and described a 
practical method of amplifier design to suit 
given conditions of required signal strength 
and possible jamming. It will be remembered 
that he obtained the equation— 


rin (Rita tmy fem(0 —D) e. (1) 


in which, for the working frequency, yw 
represented the phase difference of the coil, 
1.€., the ratio R/wL; m the ratio of the 
anode resistance, Ra, of the valve to the 
reactance ; wL of the coil; p the “tuning ratio” 
of any different frequency, 1.e., the ratio 
to the resonant frequency; and m the 
“ efficiency,” or E,/E,, 

The equation (1) is of such fundamental 
importance in the theory of selective amplifi- 
cation that the writer here proposes to 
describe how, by means of the Alignment 
Principle, the numerical relations between 
its, several variables may be conveniently 
and accurately exhibited. In general, the 
Alignment Principle admits of application 
to a greater number of variables than can 
be dealt with graphically. Though it is quite 
possible to design Alignment Charts which 
would deal simultaneously with the varia- 
tions of all the above variables, the diagrams 
now to be described are, it is thought, suf- 
ficiently comprehensive in exhibiting the 
relations between four only. 

The Chart (Fig. 1) is designed to illustrate 
equation (I), in which, following Mr. Turner, 
y is assumed to have the constant value .or. 
The ratio R,/R, is, however, now treated as 
variable, thus increasing the generality of 
the representation. It will be observed that 
the values of m are represented by a series 
of short vertical lines, which are intersected 
by four diagonal lines to which correspond 
the four values of R,'R, which have been 
selected for illustration, viz., 0, .I, .2, .3. 
The value R,/R,=o corresponds, of course, 
to the ideal case in which the following grid 


IR his article on “ Selective Amplifiers ” 
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circuit offers an infinite resistance as com- 
pared with the anode impedance of the valve, 
a condition of affairs which may often be 
approximately realised on the higher wave- 
lengths. To employ the chart, a straight- 
edge or piece of thread is placed through the 
point situated at the intersection of the 
given mand Ra/R, lines. If now it be rotated 
about this point until it meets the scale of 
p in its appropriate value, the required 
value of » can be read off in alignment on 
the n-scale. It will be seen that if any 
three of the four variables m, p, Ra and n be 
given, the fourth may thus be found. The 
convenience of this “inverse” use of the 
diagram will be appreciated when it is 
required, say, to find the value of m for 
which signals of “ tuning ratio” p will be 
amplified with efficiency m. Again, the 
effect of varying Ra/R. upon the other 
variables of the formula can be traced with 
ease; for example, if p=1.2 and m=7, 
when Ra/Re = 0, n=.36; While if Ra'R,=.2, 
n decreases to .35. 

It will be observed that the “ efficiency ” 
here dealt with is defined as the ratio E,Fa 
for signals ef the detuned frequency. This 
ratio, it must be emphasised, does not 
become unity even when the frequency is 
actually that of the carrier wave to which 
the amplifier is tuned. That this is so 
may be seen by putting p= I in equation (1), 
which then becomes— 


Ro LI dmo ..- (2) 


This equation, of course, gives the relations 
between m, Ra/R., y and the efficiency m or 
E,'Es with which the tuned signals are ampli- 
fied. In this case m does not depend upon 
the tuning, except in so far as the constants 
of the equation are themselves modified by 
changes in frequencv. 

Chart II. (Fig. 2) has been designed to 
illustrate equation (2). It will be seen that 4 
has been here included as an extra variable. 
The method of using the chart is similar 
to that for Chart I. Selecting that point 
on the network of lines representing R,/R, 


1/n = 
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and y which corresponds to given values 
of these variables, we join it to the given 
value of m, and read the required value of n 
in alignment upon the n-scale. As before, 
when any three are given, the fourth may be 


Charts I. and II. (Figs. 1 and 2) provide 
in compact and readily accessible form 
the numerical effect on m of changes 
in m and R,/R., in the first case for 
signals detuned from the working fre- 


found. It is of interest to use Chart II. to quency, and in the second for. signals at 
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exhibit the effect of changes in R,'R, and yp 
upon the “efficiency ” of tuned signals. 
Thus, for example, given m =60 and v = .o1, 
we find that when RaR, = 0, n = .625, while, 
when Ra R = -I, n = .588. 


the working frequency itself. Chart II. is, 
apart from the inclusion of y as variable, 
a particular case of Chart I., viz., that for 
which p=1, the only value of p for which 
Chart I., being intended for detuned signals, 
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does not cater. It is not necessary to stress 
the advantages of these diagrams in thus 
readily showing the effect which changes in 
the several variables have upon each other. 
Such features will be obvious to the reader. 
Mention should, however, be made of the 
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values of » as found from Mr. Turner’s 
graphs (see Fig. 2, p. 802) with the values as 
obtained from Charts I. and II., taking, of 
course, R,'R.=.I. 

In order to compare the strength of detuned 
signals with that of the tuned carrier, Mr. 
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«extreme facility and rapidity with which 
resonance curves of the type given by Mr. 
Turner may be plotted out by means of 
these charts, and this, too, for the different 
values of Ra R. which are here included. It 
may be found interesting to compare the 


Turner now assumes the latter to be unity, 
and raises the value of the “ efficiency ” 
of the detuned signals in this proportion for 
all values of m and p. Calling now this new 
estimate of the strength of the detuned 
signals n’, it will be seen that n' may be 
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obtained by dividing the efficiency given by 
equation (1) by that given by equation (2). 
In symbols, 
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Equation (3) forms the subject of Chart III. 
(Fig. 3) in which, as in the case of Chart I., 

wv has been taken as having the value OI, 
Since the ratio of strength of detuned to that 
of tuned signals decreases in a geometrical 
progression with successive stages of amplifi- 
cation, it is possible to include values of mn 
for different stages. Chart III. contains 
first, on the left, a network of vertical and 
slanting lines corresponding to values of 


VALUES OF n 


R,/R, and p respectively; second, a diagonal 


line inscribed with values! of m; and third, 
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on the right, a blank axis with six other 
parallel scales, each graduated with values 
of n for various stages of amplification. 
The method of use is as follows :— 


e found upon the scale representing the 
desired stage of amplification. Conversely, 
knowing the value of n and number of 
stages, the corresponding point on the blank 
axis may be joined to that point on the 
network appropriate to Ra‘ R, and p, when the 
value of m is found in alignment. 
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upon the blank axis, and that values of m 
are only to be read off opposite to this point. 
It is therefore important to align with points 
on this axis, and not directly on to the 
particular scales of n. To facilitate the 
reading of the values of n from the blank 


axis, a number of light horizontal lines 
have been drawn at intervals throughout 
its length. | 


The utility and convenience of Chart III. 
will readily be appreciated. Given n, the 
minimum permissible strength of side-bands 
of “ tuning ratio ” P, we can obtain the 
corresponding value of m for any desired 
number of stages of amplification. Thence, 
using this value of m we can derive corre- 
sponding values of n for signals of other 
detuned frequencies by altering the value 
of p in our alignment. In addition to the 
above, the effect of varying Ra/R, can, of 
course, be taken into account by using the 
appropriate left-hand vertica] scale on which 
to take the values of p. 
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The Permanency of Calibration of a 
Variable Condenser. 


By E. Simeon. 


OR many purposes it is obviously 
| Beer to have a variable condenser 

calibrated, so that the actual capacities 
may be recorded. 
with some defects which may cause undesired 
variation, thus rendering anything like 
permanent calibration impossible. 

Fig. I «shows the 
down movement of the centre spindle with 
its vanes. The curve is drawn for a spacing 
of .04 in. on either side of the moving vanes. 
The capacity of the condenser as a whole for 
any given scale reading is, of course, a 


on the one side would just negative the gain 
on the other, the total 
unaltered. Suppose, however, the vanes to 


TOTAL CAPACITY 


0'02' 0:03 0-04" 
DISPLACEMENT FROM CENTRE 


_ Fig. i. 
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move axially so that the spacing on one side 
becomes halved, then the capacitv on the 
other side which is left 1s clearly the increase 
in total capacity. 

For small movements about the central 
position the change is seen to be very slight. 
Thus for the spacing of .o4 in., which is 
quite a usual figure, a shift of .vo2 in. from 
the centre position will produce an increase 
of only 0.25 per cent. The same movement 
would, however, cause a 3 per cent. increase 
had the vanes been set in the first place 
-OI in. from the centre. It is therefore well 
worth while to set the moving blades care- 
fully to the minimum position before sending 
the condenser for calibration. -This may 
be done quite easily, the best way being to 
use the condenser in a heterodyning valve 
circuit, and adjust the bottom pivot while 
listening to the note. 

To be worth calibration at all, a condenser 
should surely be reliable to Iï per cent. 
over at least a vear. This means that 
endways spindle movement must not exceed 
.004 in. in that time. If the spacing can be 
doubled or trebled, the accuracy will be 
increased proportionally, but the bulk of a 
condenser for a given maximum increases 
rapidly with increase of spacing, since more 
pairs of plates are needed, each at an increased 
spacing. 

One or two mechanical details may be 
useful. The diameter of the vanes should be 


kept down, even if a longish locking con- 


denser results. A suitable thickness for the 
vanes is IŜ S.W.G., and if of zinc they may 
readily be flattened with a hot flat iron on 
a flat surface, a method much less likely to 
leave strains than hammering. Zinc is, 
however, rather heavy, and the vanes may 
in time sag down slightly under their own 
weight, especially if the condenser is jarred 
often when being put down. This tendency 
can be got over by mounting the condenser 
with its spindle horizontal. 

A mild steel shaft is recommended, so that 
the conical end may be case hardened. The 
shaft should have a shoulder, on which a 
spring bears, providing contact and keeping 
the pivot well home. 

The end plate carrying the corresponding 
conical hole needs to be rigid, and should 
therefore be of metal, not ebonite. The 
insulating bush is best made of mica, which 
is not likely to yield under pressure to any 
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extent. Finally, the condenser is enclosed 
in a metal case, connected to one set of vanes 
and earth. ' 

It is possible to design a condenser where 
any amount of end movement will not 
produce change in capacity, the principle 
being shown in Fig. 2. Itis not claimed as 


Fig. 3. 


a complete solution to the problem, because 
it has the disadvantages of large bulk for 
capacity, and rather high minimum value. 
It is at any rate believed to be original: 
AB is the axis of the condenser, C and D 
being two fixed semi-circular electrodes, the 
terminals of the condenser being soldered to 
them. On the spindle is mounted an 
insulated pair of semi-circular vanes, E and F, 
connected by a distance piece. Other plates 
may, of course, be added below, all fixed 
plates under C being joined together, and 
similarly with those under D. 

The areas of E and F are made equal, 
and the same dielectric exists between 
C and E, and between F and D. Hence 
anv difference in capacity between C, and 
C, will be due to the spacing f, or £,, t.e., 


oe. | 
t, 

Gs P.K t 
ty 


C., the capacity between the plates C and 
D, will be equal to the product of these two 
divided by their sum, -the two condensers 
being in series. 


K? K 
= tata l. Shi to K 
— 1 LI) tote hab 
Klint A tit, 


t.e., the capacity between C and D depends 
only on the sum of ¢, and ¢,, which is not 
changed if the plates E and F move up or 
down. ; 

In the minimum position, the plates are 
as in Fig. 3. 
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ome Notes on Intervalve Couplings. 


A Lecture delivered by Mr. H. L. KIRKE, of the British Broadcasting Company, 
before the Radio Society of Great Britain, on 28th April, 1926. 


HEN I was asked bv one of your 
members a little while ago to give 
a lecture here. at rather short notice, 
I had the same difficulty that I alwavs have 
when I am asked to lecture, in deciding 
what to talk about. I always feel that 
other people have talked so much about 
the various subjects that it is very difficult 
to find something that is really interesting 
and useful and new to talk about. There- 
fore I thought that possibly the best thing 
to do would be to choose rather a wide 
subject and run through a number of notes 
of results and experiments that I have 
carried out rather than to give a definite 
lecture on one small subject. The subject 
I have chosen is intervalve coupling and I 
propose to run through the general princi- 
ples of magnification and to discuss the odd 
things that occur in amplification rather 
than to deal with the things that everybody 
knows all about. 
Magnification is generally accomplished 
by a valve having in its anode circuit some 
form of impedance, sometimes in the form 


The relation between the 


Figs. 1 and ta. 
various quantities ts la = Va, R + Ra, and 
the magnification ts z 


RI Ve = ul + = 


of a plain resistance which acts as an ordinary 
resistance amplifier, and sometimes it-is a 
choke with inductive impedance, and some- 
times it is a resistance shunted by a capacity. 
Sometimes chokes are shunted bv a capacity 
and in many cases the circuit is tuned to a 
frequency so that it amplities at that fre- 
quency. In general, the magnification of a 
valve can be considered as the ratio of the 
amount of voltage developed across the 


[R132 


impedance in the anode of the valve to the 
voltage which is put into the valve. From 
that point of view it follows that vou can 
consider a valve as a generator having a 


123 465 6 7 8 9 10 
R 
Ra 

Fig. 2. Curve showing per cent. magnifi- 


cation of a valve with a pure resistance load 
in the anode circuit. 


PERCENTAGE MAGNIFICATION zx 100 


certain E.M.F. at its terminals and having 
a certain internal resistance, t.e., when the 
grid is made alternately positive and nega- 
tive, the anode current alternately increases 
and decreases, causing differences of potential 
across the output circuit. These differences 
of potential tend to reduce the rise and fall 
of the current and so to reduce magnifi- 
cation, which is exactly what happens 
in an A.C. generator, and if you put a high 
resistance in series with an A.C. supply it 
is obvious that you will not get very much 
current if you want to take a large load 
out of it, and you will not get very much 
potential difference. 

At the top of Figs. I and Ia an ordinary 
plain resistance amplifier is shown in which 
the magnification is the ratio of the voltage 
developed across the resistance—which can 
be applied to any other stages which come 
after it—to the input voltage. I neglect 
all questions of plate, grid, etc. That ratio 
is represented by the formula given. 
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Fig. 2 is a curve showing the ratio of the 
maximum possible magnification which you 
get, for various ratios of the external im- 
pedance to the internal impedance of the 
valve, and fora ratio of 84 to I, the magni- 
fication is go per cent. of the maximum, and 
it falls off in a fairly 
even curve. 

By jx in Fig. 3 I 
mean a pure negative 
or positive reactance 
in the plate circuit. 
This is a somewhat 
different case because 
you have the E.M.F. 
across 7% 90° out of 
phase with the cur- 
rent flowing through 
it and consequently 
the magnification 
ratio will be reduced in a different way. 
The various formule which you will all 
recognise, are shown under the figure. 

Fig. 4 shows a curve of relative magnifi- 
cation in percentage against the ratio of 
internal and external impedance, and you 
see fhat for 9 to I, we get nearly roo per 
cent. That i is due to the fact that the back 
E.M.F. is 90° out of phase and does not 
reduce the current in the same way as an 
ordinary resistance does. For go per cent. 


Fig. 3. 
Here Ja = pV,'Ra + jx 
and the "magnification = 


#il + = = pjx/Ryt+ jx. 
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PERCENTAGE MAGNIFICATION zx100 


Z 
Ra 
Fig. 4. Curve showing per cent. magnification 
of a valve with pure inductance in the anode 
circuil. 


here, ive only need a 3 to I ratio to get the 
same ratio af magnification to the maximum 
as we did with the resistance amplifier. 
This other scale is the inductance in henries 


3 


5I 


June, 1926 
required per thousand ohms of anode im- 
pedance at 50 cvcles to give the various 
percentage magnification, as shown in the 
scale, so that if vou have a I,ooo-ohm valve 
and 20 henries vou will get 98.7 per cent. 
magnification out of the valve, at 50 cycles, 
Which is fairly good. 

At relatively low frequencies, 7.e., audible 
frequency, there are various peculiar things 
Which can happen to a valve. 

The ordinary valve has an inter-electrode 
capacity which manv people who have done 
short wave work hate like poison. Un- 
fortunately, that capacity can come in at 
relatively low frequencies. If you have a 
circuit such as Fig. 5, and vou applv an 
E.M.F. to the grid, it will cause a certain 
magnification and you will get a certain 
difference of potential across the anode. 
That will cause a current to flow back to 
the condenser 
through the resist- 
ance Rg, causing a 
potential difference 
the phase and mag- 
nitude of which will 
depend on the value 
of the condenser. If 
the condenser is infi- 
nitelv large you will 
get the same poten- 
tial across Rg that 
you do at the anode. 
When the grid is negative due to the incom- 
ing impulse, the anode will be positive and 
you will get back an amount of E.M.F. on 
the grid which is exactly 180° out of phase 
with the incoming E.M.F. That reduces 
the magnification to less than 1, the phase 
angle will change round to nearly go° when 
the condenser impedance becomes verv 
high in relation to R. AR, means the grid- 
leak of the valve, in parallel with the im- 
pedance of the valve before it, because if 
you have another valve vou have via an 
intervalve condenser the impedance of the 
other valve to earth, so that the anode 
impedance of the valve before is really in 
shunt with R, We call X the ratio of 
the magnification, which vou get when feed 
back is present, to the magnification which 
vou would get if there were no feed back. 
We came across this anode reaction about 
IS months ago in some work on power 
modulation svstems in use at the time. 


Fig. 5. 
Circuit representing con- 
ditions in an amplifier, 
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We had certain apparatus and were taking 
curves of the magnification right through 
the system and we found that the magnifi- 
cation at about 5,000 cycles was about one- 
tenth of what it ought to be and various 
experiments showed that it was due to this 
capacity feed back. Actually we had seven 
valves, which were fairly big, in parallel 
and we were working with about 10,000 
volts on the anode, and that was the result 
we got. We could not reduce the capacity 
K because it was the capacity of the valve 
and we could not use a different type. We 
actually did reduce the M value of the valve 
a little bit by opening the grid, which reduced 
the effect slightly but the best effect was 
obtained by reducing R, We did not 
actually reduce the grid-leak resistance but 
we reduced the impedance of the valve 
before it. The reason we did not reduce 
the grid-leak resistance was because we had 
an intervalve condenser which we could 
not increase in capacity, so we actually 
changed the impedance of the valve, from 
one of 50,000 Ohms to two in parallel of 
5,000 Ohms each, which reduced this value 
of Rg, which meant that the frequency at 
which we could get a definite cut-off, X, 
was very much higher. Thus we reduced 
R, from 50,000 to 2,500, a matter of 2010 1, 
so that the frequency at which we got a 
definite cut-off in magnification was increased 
by 20 times, and that was our saving grace 
on that particular job. 

In H.F. amplification, it is generally 
assumed that it is not possible to amplify 
with resistance capacity at wavelengths 
below 1,000 metres, but actually I have 
used H.F. magnification, or I have seen it 
done, at 250 or 300 metres, fairly success- 
fully. I do not say the magnification is 
efficient, but it is a definite magnification 
which is useful and that magnification was 
not obtained in the ordinary way. The 
reason I am talking about that, is this: 
most people consider that the loss in magnifi- 
cation is due to the valve capacity shunting 
the anode resistance. That is so to a 
certain extent, but intervalve feed back 
comes in considerably and in all cases we 
may have pure resistance in the grid and in 
the anode. The feed back due to this, 
results in a definite reduction because the 
E.M.F. across the grid due to feed back 
has got to be made up by the incoming signal 
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which actually reduces the magnification, 
and I firmly believe that quite a lot of the 
loss of magnification in high frequency is 
due to that feed back and not purely to the 
fact that there is a shunt capacity across 
the resistance. i 

I show in Fig. 8 a circuit which I have 
tried. I have used it in other connections 
and find it useful and I think it may possibly 
neutralise the feed back effect and enable 
one to get a fairly good magnification. 
Part of the circuit is a pure capacity Wheat- 
stone bridge and the two valve capacities 
are balanced so that any E.M.F. across one 
diagonal will not produce an E.M.F. across 
the other. I have not tried that circuit for 
the particular purpose of neutralising the 


Fig. 6. 


Fig. 7. 


Fig. 6. Tuned anode circuit. When there is 
no reaction and the circuit LRC ts in 
resonance, the phase angle of this anode 
circuit load is zero and LCR acis as 
a pure resistance. The magnification is 
p/i + RaRC/L. 

Fig. 7. Tuned anode circuit with tuned input 
to valve. 


feed back in resistance amplifiers, but only 
in transmitting sets, but I think it is worth 
considering. 

Fig. 6 shows an ordinary tuned anode 
circuit, neglecting what is put on to the 
grid in an ordinary circuit of this kind 
and it is generally assumed that the circuit 
CLR has tuned resonance. When the circuit 
has zero phase angle, it acts as a resistance 
and therefore that circuit can be assumed 
to have the same effect as a resistance 
amplifier. The capacity across the elec- 
trodes is neglected and therefore we should 
be able to consider an ordinary tuned anode 
circuit as a pure resistance amplifier having 
a magnification given by 


M=p1+4 = 
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If that is the case, t.e., if it is pure re- 
sistance, then everything that happens in 
your resistance amplifier must happen in 
the tuned anode. Therefore, with a circuit 
like this, we shall have a feed back effect 
which will give anti-reaction—not ordinary 
reaction —due to the phenomena shown 
in Fig. 5. From that it would appear that 
with an ordinary tuned anode you will get 
anti-reaction so that it will not oscillate. 
The average tuned anode, if you adjust it 
by twiddling the knobs, oscillates—much 
to the annoyance of your neighbours—and 
the reason is this: If you mistune the 
anode circuit very slightly one way you will 
alter the phase angle in one direction ; 
if you mistune the grid circuit slightly in 
the opposite direction you alter the phase 
angle in the opposite direction and the result 
is that you so juggle the phases of the two 
sets that the conditions of anti-reaction, 


ig. 8. For balance 
K,/K; = K;/K,. 


F Fig.ga. The ordinary 


neutrodyne circuit. 


shown in Fig. 5, change and you turn 
what was an anti-reaction into a reaction 
by mistuning the circuits; therefore you 
will not be getting maximum efficiency. 
Actually, you always tune in to the maximum 
signal and therefore it can be assumed that 
you tune in to the point where you have 
maximum reaction, because the magnifi- 
cation of an ordinary valve is no more than 
about 6, where as the magnification or 
increase of signal due to reaction is of the 
order of 20 to 40 times, according to the 
stability of the circuit and the resistance 
of the various coils. 

There are one or two possible methods 
of overcoming this anti-reaction and so 
enabling you to tune dead on to the radio 
frequency and get the advantage of the full 
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magnification of the valve and the full 
effects of resonant circuits as well as reaction 
(Figs. ga, 9b, gc). Circuit Fig. ga is the 
ordinary well-known neutrodyne circuit, but 
the balancing condenser is increased beyond 


Fig. 9b. Tuned anode circuit with reaction. 


the neutrodyne point, t.e., the point where 
its capacity is equal to the intervalve capa- 
city, to bring up the reaction and I have 
found that such a circuit does give better 
results than the ordinary tuned anode 
circuit which is left to oscillate and is damped 
in some way. 

Fig. gb is an ordinary tuned anode with 
reaction from the detector valve on to the 
anode circuit, and that is considerably 
better than an ordinary circuit for reacting. 


Fig. 9c. Circuit using an extra valve to give 
stable reaction control. 


Fig. gc is a commercial circuit which a 
friend of mine got out some years ago and 
it is used considerably. The left-hand tuned 
circuit is the aerial coil or closed circuit coil 
and the circuit generally is fairly simple for 
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reacting. You get pure reaction without 
mistuning the circuit and that is a very 
good thing to use, particularly in resistance 
amplifiers where you have no other means 
of getting reaction. 
Reaction from the 
ordinary resistance 
amplifier is, to put 
it mildly, rotten, be- 
cause you get all sorts 
of phase changes, 
whereas in this it 
knows what it is doing. 
It may be argued that 
: it is not worth having 
=r the extra valve be- 
cause you do not get 
the extra gain, but it 
is much better than 
using the valve as 
another tuned anode, 
because if you put in another tuned 
anode you have more instability and three 
handles to tune plus the reaction controls, 
whereas in this case you have only two 
handles and one reaction which is very, 
very stable. 

The next point in connection with high 
frequency is the balancing of the neutrodyne 
circuits. Everybody has more or less gone 
in for neutrodyning at the present moment, 


Fig. 1ca. Showing 

where the stray capac- 

ities occur ina tuned 
anode circutt, 
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. 10b. Theoretical circuit of neutrodyned 


tuned anode. 


except those with the supersonic tendencies, 
and I thought a few comments on neutro- 
dyne balancing, particularly where a large 
number of stages have to be used, would be 
useful. An ordinary simple neutrodyne 
circuit with a split anode coil (Fig. roa) is 
one of the simplest things possible to rig 
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up. What happens is that when you get a 
signal in the anode circuit you get a circulating 
current in the anode coil, and when the anode 
end is positive, the opposite end will be nega- 
tive and vice versa, and you put back on to 
the grid the same amount of E.M.F. but in 
the opposite phase from the E.M.F. put back 
through the intervalve capacity. If we draw 
that in another way (Fig. 10b) it looks like 
a Wheatstone bridge, the lettering give the 
clues for tracing the set, but the only snag 
is this, in a Wheatstone bridge you put in 
E.M.F. across A to D and take it out from 
C to E. Ina tuned anode such as this, you 
take it out across the anode and the filament, 
because the H.T. usually goes through the 
condenser to earth, so that you take the 
output only across half the coil. In the 


Fig. 1cc. 


Theoretical circuit of neutrodyne 
transformer. 


average neutrodyne receiver there are four 
valves and you balance by turning out the 
filament and adjusting the neutrodyne con- 
denser until you get silence, and when you 
have done that you light all your filaments 
again and the thing begins to oscillate 
(laughter). The reason is, I believe, that 
you do not get a true balance. 

Fig. Iroc shows a form of neutrodyne 
circuit in which you can definitely get a 
balance. 

Figs. IIA, IIO and IIC show circuits in 
which the anode tuning condenser or a part 
is split. 

Figs. 12 and 12b give another circuit in 
which the grid coil is neutrodyned instead 
of the anode coil. In the ordinary course 
of events the anode coil or condenser is 
split, but in this case a pure Wheatstone 
bridge is constructed. There is capacity 
between the grid and plate, balanced 
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bv a condenser, and another capacity between 
grid and filament which is balanced by a 
condenser. Therefore a coil is connected 
across C D (Fig. 126) which is not affected 
bv potential across the 
anode coil. A grid- 
leak is used in order to 
allow the grid current 
to get to earth some- 
where and another 
gridleak should be 
connected across the 
opposite arm (a d) to 
balance properly. It 
may be necessary, if 
ever you use such a 
circuit as that, to put 


Fig. 11a. Neutrodyning M ; ; 
with a split tuning con- 4 Sma resistance mn 
denser. series with the con- 


densers in order to 
get a perfect balance. The great advantage 
of this circuit is that you do not lose half 
the impedance of the anode circuit as in a 
split coil, as it is sometimes an advantage 
to have a high impedance in the anode 
circuit. 
Fig. 13a is another type of circuit which 
has been used. Essentially it is a tightly 
coupled transformer with tuned secondary. 
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Fig. 116. Theoretical circuit of Fig. Iia. 


The primary has a centre tap. The end 
remote from the anode has an equal and 
opposite potential induced which is used to 
balance. 

Fig. 135 is a system of neutrodyning used 
in America and consists of a reversed winding 
transformer tightly coupled, a portion of 
the secondary being connected through a 
condenser to the grid. I have used that 
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circuit latelv with four and five stage magni- 
fication and it has the disadvantage that it 
tends to get out of balance for different 
frequencies rather quicker than most cir- 
cuits, because the coupling is not 100 per 
cent. and also because there is a considerable 
amount of electrostatic capacity between 
the two coils which puts the circuit out of 
balance. That could be got over by copper 


'w 


Fig. 11c. 


c. Theoretical circuit of neutrody ied 
transformer using a split tuning condenser. 


screening between the coils, but that would 
at the same time probably decrease the 
efficiency somewhere else, and I do not 
think it would be worth it, unless very care- 
fully designed. 

In Fig. 14 we have an ordinary low 
frequency choke-coupled amplifier, of which 
you have seen the curves before. Various 
people have asked me what sort of choke 
to use and I have shown in Fig. 4 a simple 
formula for estimating the choke value. 

There is just one 
point in connection 
with the choke- 
coupled amplifier 


bringing out. If vou 
use this circuit and 
vour loud - speaker 
does not bring out 
anything below 300 
cycles, it is no use 
giving magnification 
below that, and you 
probably put in a 
smaller choke. If 
you happen to be using a valve with large 
inputs, vou will get distortion because the 
choke does not act in the same way to the 


Fig. 
how the grid coil muy 
be neutrodyned. 
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frequency for which it is designed as for 
the low frequency. It takes more current 
at low frequency and it alters the dynamic 
characteristic of the valve and you get 
base blasting, since all forms of blasting 
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Fig. 12b. Theoretical circuit of Fig. 12a. 
produce harmonics and all harmonics will be 
heard in the loud-speaker although the 
fundamental is audible. 

I do not think there is any necessity to 
say anything more about ordinary resis- 
tance low frequency amplifiers and the curve 
I showed at first is quite obvious. The 
minimum value for an intervalve condenser 
in any low frequency amplifier must be 
borne in mind. Incidentally, it is con- 
sidered in best circles that it is necessary 
to get reproduction down as far as 50 cycles 


Fig. 13a. Transformer 
circuit with primary 
neutrodyned. 


Fig.13b. Tuned trans- 
former circuit with 
secondary neutrodyned. 


for the reproduction of music and that you 
must have fairly big condensers. The value 
of an intervalve condenser depends solely 
on the lowest frequency you want to trans- 
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mit, and on the value of the grid-leak, because 
all the grid condenser has to do is to pass 
current through it to the grid-leak. If you 
increase the value of the grid-leak you can 
decrease the value of the condenser and vice 
versa. 

The next thing we come to is low fre- 
quency transformer amplification, which is 
a subject in which I dare say everybody is 
interested. A transformer which has no 
shunt across the secondary can be regarded 
at low frequencies as a pure choke-coupled 
amplifier, and the total magnification of 
such a transformer is the magnification of 
the primary considered as a choke-coupled 
amplifier, multiplied by the step-up ratio. 
The trouble is how to design the secondary, 
because it has self-capacity and magnetic 
leakage. 

A representative diagram of any trans- 
former is shown in Fig. 15. We are con- 
sidering here (Ra) the 
internal resistance, 
which may be a valve 
or anything else; the 
same law holds. R, is 
the primary resistance ; 
R, is the secondary 
resistance ; L, and L, 
are the choke induct- 


ances of the two 

windings; K, is the 

capacity of the secon- Fig.I4. A low frequency 
dary. L;i and L, choke coupled amplifier, 
represent the mag- which gives a magnifica- 
netic leakage of the fom curve similar to 
transformer; it has sida ki 


been found that in most cases the magnetic 
leakage of a transformer can be represented 
by series inductances in the primary. And 
for the secondary, R, represents the hysteresis 
and eddy current loss. In the diagram we 
have the primary consisting of inductance 
and resistance and the secondary is, in 
effect, a resonant circuit. If we had no 
any leakage, and had just a resistance 
across this circuit between PY and SY, 
looking at it from the primary—I do not 
know whether you can follow the method 
—but I mean what would you feel like if 
you had a transformer like that stuck on 
to you. What current would you produce 
and what would its phase angle be? If 
we had a resistance shunted across the 
secondary what would it look like viewed 
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from the primary? Normally, if we had 
no losses in the transformer and an’infinitely 
large inductance, we have a resistance across 
the secondary which takes current and allows 
the primary to take current in order that 
the lines of force in the core shall cancel 
out, but if you have a 2 to I step up trans- 
former the secondary volts are double the 
primary volts, the secondary current half 
the primary current. The impedance of 
any circuit is the voltage divided by the 


La La 
Fig. 15. Equivalent intervalve transformer circuit. 
Here Ra Anode impedance. 
R, Eddy current and hysteresis loss. 
Li Leakage inductances. 
2 
La Primary and secondary inductances. 
4 
p Primary and secondary resistances. 
3 


K, Secondary self capacity. 


current ; therefore, the impedance of the 
secondary circuit can be said to be four 
times the impedance of the primary circuit. 
In other words, the impedance of a trans- 
former, as shown on the primary or the 
secondary, varies as the square of the trans- 
former ratio—that is absolutely fundamental, 
and it must be remembered that it is so. 
Therefore, we can ascertain the primary 
impedance by taking all the impedances in 
the secondary and dividing them by the 
square of the transformer ratio. If we have 
a resistance of 100,000 ohms and a 2 to I 
transformer, there would be 25,000 ohms 
as the,.effective primary impedance and if 
we have half a henry as L, it would be one- 
eighth henry as L, on the primary. If we 
have IuF as K, it would be equal to 4uF 
across the primary. 

Fig. 16 shows a transformer laid out as 
looked at from the primary. R, is a fairly 
high resistance; L, is a very high choke 
value; L, is a small inductance; R, is a 
small resistance and R,„ represents the 
impedance of the valve. Therefore we 
see that at high frequencies L, will pass 
but little current and the resistance R, is 
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high, so the thing approximates to an 
ordinary series resonating circuit. With 
such a circuit we are tending to get more 
and more voltage developed across K, as 
the frequency goes up. Then, at a certain 
point, magnification will drop off again, the 
amount of increase at the resonant frequency 
(Ra) will depend on the resistance. The 
lower we make R,, the more will be the 
resonance, and the higher the resistance 
the less will be the resonance. 

Now we come to an interesting point. 
As we increase L, to bring up our low 
frequencies (the inductance of the primary 
is the thing that matters), we have to increase 
the primary turns and increase the induc- 
tance. As we increase the turns we de- 
crease the ratio and, at the same time, 
decrease the ratio of L, to K, because L, 
is inversely proportional to the square of 
the ratio and K, is proportional to the 
square of the ratio. By altering the number 
of turns we increase the magnitude of the 
resonance peak, due to resonance circuit, 
L, Ls. K, Ra considerably, and that is a 
point which must be taken great care of. 
The only way of getting over that is either 
by decreasing the leakage, by increasing 
the capacity, or by putting a shunt across 
the secondary. 

Three transformer curves are shown in 
Fig. 17: (A) is a typical good commercial 


Fig. 16. Equivalent intervalve transformer circuit 
as regarded from the primary side. 
Here X = Transformer ratio. | 
Ls = L,/X2 (Li x K as in Fig. 15.) 
K, = KX2. 


transformer which starts cut-off up at about 
650 or 700 cycles and is down to about .7 
at 500 cycles and it goes up to a slight peak 
at 5,000 cycles, dropping off again. That 
peak is what is left of the resonance peak 
after the losses in the transformer. If we 
try more turns on the primary of the trans- 
former to get up to low frequencies, we get 
the curve (B), and that actually happens in 
practice. We had enormous difficulty to 
get over that but we did so by damping 
the secondary with resistance and the 
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resultant curve is shown in (c). It is 
interesting in this connection to note that 
“for an ordinary valve, like the LS5, PM6 
or DES, if you want to get an intervalve 
transformer which drops not more than 
IO per cent. at 50 cycles and not more than 
IO per cent. at 10,000 cycles—which is the 
ideal transformer, although I do not know 
of one being in existence (commercially) at 
present —you will not get a step up of more 
than 2.25 to 1. For a IO per cent. drop 
at 300 and 5,000 cycles, you may have a 
6 to I ratio transformer and that explains 
when you see on the market 8 to I, 6 to I, 
4 to 1 transformers, etc. You are always 
told there is no distortion, in fact, none of 
the transformers ever distort officially, but 
what actually happens is that they have 
got different ratios and different turns and 
they have got different characteristics. The 
ones which have a high step up ratio have 
not got enough turns on the primary. 

With regard to the use of stalloy iron, 
which is used so largely on transformers, 
there 1s the question of the flux density at 
very low intensities and I think it would 
. be interesting to endeavour to plot a curve 
showing the value of inductance for various 
magnetising forces expressed in ampere 
turns. 

Fig. 18 represents log ampere turns 
against inductance. I think this figure 
rather destroys the idea that iron does not 
do anything at low intensities; that idea 
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various transformers. 
has been put forward and has misled 
people considerably. 
The curve was taken by an inductance 
bridge and amplifier, the current in the 
coil being measured at one value and adjusted 
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by the insertion of resistance networks 
between the supply and the input terminals 
of the bridge, great care being taken to 
avoid any cross talk or induction troubles. 


| ; 


INDUCTANCE IN HENRIES 


LOG. AMPERE TURNS 
Fig. 18. 


DISCUSSION. 


Mr. R. E. H. Carpenter : I should like to thank 
Mr. Kirke for one of the most interesting lectures 
to which I have listened for a long time. ' Mr. Kirke 
has shown himself a master of his subject, and there 
are one or two points on which I should like his 
views. The first is this. Van der Bijl was, I think, 
the first to point out that if you have a reactance 
in the anode circuit of a triode, the characteristic— 
which before vou put the reactance in might have 
been a straight line—opens out into an ellipse. 
If that is the fact, it would seem that it would be 
impossible to avoid a certain amount of rectifica- 
tion in a triode which has reactance in its anode 
circuit. ; 

I am very glad that the lecturer has nailed down 
once for all the extraordinary story that was started 
a little while ago that iron does not respond to very 
small magneto motive forces. I think his results 
are in substantial agreement as to shape—I do not 
know how they agree quantitatively—with the 
generally accepted statement that stalloy has an 
initial permeability of about 300, and I should be 
interested to know how Mr. Kirke's results compare 
quantitatively with that figure. 

With regard to one of the earlier slides showing a 
retroaction circuit in which you used potential 
from the remote end of the anode coil in order to 
get the retroaction ettects—I think it was slide 
No. g—one is, of course, familiar with the fact 
that over-neutrodyning will bring you into the 
oscillating condition again, and l have tried to 
make a rough comparison between the signal 
obtained when getting critical retroaction by under- 
neutrodyning and over-neutrodyning. I do not 
think it makes much ditterence whether you 
approach your critical retroaction by under or 
over-compensation. I should like to finish by again 
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thanking Mr. Kirke very much indeed for his 
lecture. I am looking forward with great pleasure 
to seeing the thing in print when I can perhaps 
digest some points I have not been able to to-night. 


Lieut. H. 8. Walker: I hardly know what to 
say about this lecture by Mr. Kirke. Mr. Carpenter 
has covered several points which I wanted to bring 
out, and he has left me very little to say beyond 
the fact that this lecture obviously wants a lot of 
consideration and digesting. One cannot grasp it 
all at once because it covers such a wide field. I 
think, however, it may be interesting to ask Mr. 
Kirke, if he has a few moments left at the end of 
this discussion, to say a little more on the subject 
of the general design of neutrodynes, particularly 
with regard to getting perfect balance. I feel that 
with most neutrodynes—or, rather, the neutrodyne 
circuits one meets with—one cannot get perfect 
balance no matter how one may screen the coils, 
for the reason which he mentioned—namely, that 
the perfect Wheatstone bridge ettect is not usually 
obtainable. I think it could be obtained, and, if 
it could, I think one might use a much larger 
number of stages in cascade. The other point I 
want to ask the author for further explanation 
about is the use of resistance capacity for high 
frequency work. Obviously it always possesses 
the disadvantage that there will be a drop of 
potential on to the anode so that extra high tension 
voltage must be used, but probably in these days 
that is not so serious as it might have been 12 
months ago, and therefore it has occurred to me 
that a field is opened for perhaps more use to be 
made of resistance capacity for high frequency 
work, because, after all, it does away with the 
necessity for an extra control, such as a tuning 
condenser, which one has to use for a tuned anode 
or tuned grid, and, for that matter, also transformer 
coupling. Mr. Kirke did not deal with a subject 
which interests me very much, and that is the 
question of the intervalve coupling for the inter- 
mediate frequency stages in the superheterodyne 
receiver. I think most of the points which he talked 
about covered that field, but it does possess one 
or two special points, particularly, I think, the 
question of whether it Is worth while to neutrodyne 
intermediate frequencies or to use some apparatus 
other than a transformer for the coupling. I 
know transformers are chiefly used for the inter- 
mediate frequency coupling, but I am not at all 
sure in my own mind whether they are the best 
method of coupling. If Mr. Kirke has a few 
moments,to spare I should be very grateful if some 
remarks could be made, especially on the latter 
point. 

Mr. Ashbridge: I also should like to express 
my appreciation of Mr. Kirke’s most excellent 
lecture. He has dealt with the thing in a highly 
scientific way, and after listening to his lecture 
there is very little more to say on the subject, 
although it is such a large one. There are, however, 
two points I wish to mention. The first one is 
whether he has any experience of neutrodyning a 
high frequency resistance capacity amplifier. Of 
course, we all know, without going into details, the 
shortcomings of such amplifiers, but they are a 
certain amount of use after all, although when used 
with several stages they become unstable. I 
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should like to know whether Mr. Kirke can suggest 
a method of neutrodyning, and whether it has 
ever actually been done. The other point is not a 
technical one exactly. I believe it is a fact that 
the principle of neutrodyning has been known for 
several years. In fact, I think I heard something 
about it in a quiet sort of way about four years 
ago. For some reason or other it never became used 
here until comparatively recently, and it would Le 
interesting to know whether this is due to the fact 
that it was not realised that intervalve capacity 
was the trouble or whether people started on the 
right idea and got into trouble with magnetic 
coupling and abandoned the scheme because they 
did not think it would work. Generally speaking, 
the lecture has been so comprehensive that it 
almost prevents discussion. 


Mr. F. L. Hogg: I should like, with other 
speakers, to thank Mr. Kirke for his most excellent 
lecture which will be of great value to me. I should 
like to know if he could help me to solve a difficulty. 
We have all had trouble when using separate 
resistance amplifiers at low frequency, when one 
tries to introduce reaction on the detector valve, 
particularly in cases where one is using an extremely 
bad aerial, and it is necessary to use reaction to 
get any sort of results at all. One gets into great 
difficulties due to the fact that when you get near 
the oscillation point it is difticult to keep there and 
prevent oscillation at a frequency of about 10 or 
20 per second or even less than that, perhaps four 
or five per second. I have been endeavouring for 
some time past to produce a receiver to conform to 
certain ideals using a varying number of stages of 
high frequency and anode rectification for receiving 
long distance transmission of the greatest possible 
purity, and I have had tremendous difficulty in 
eliminating this oscillation trouble, without sacri- 
ficing in some way the quality. It seems usually 
necessary to get over the trouble by using the most 
horrible method of shunting the resistance in the 
plate circuit of the detector valve with a condenser 
or using a shunt reaction coil, which amounts to 
exactly the same thing. I have tried numerous 
schemes which various people have suggested, but 
have not found any satisfactory way of getting 
over that trouble without having to use a shunt 
condenser or some equally bad scheme in which 
one loses a great deal of the quality which one has 
taken a great deal of trouble to get. I should be 
glad, therefore, if Mr. Kirke can give me some 
assistance on that point and the best way of doing 
1t in order to get the absolute maximum possible 
purity. 

Mr. A. E. Bawtree: I should like to ask Mr. 
Kirke's opinion on one point which is troubling me. 
I have three stages of low frequency amplification 
with LS5 valves and resistance capacity, and by 
mistake, in the first instance, the condensers which 
were put in were only one-fiftieth of the capacity 
which they should have been, but I seem to te 
getting perfect results. When I was advised that 
the condensers were too small, I did not replace 
them with proper ones, but I added one of larger 
capacity to each of the condensers in turn, but the 
final result on the loud speaker appears to be 
absolutely nil, and it certainly does not give the 
great increase in strength of the lower notes which 
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I was told I should get. I cannot account for it, 
and I wonder if Mr. Kirke can give any explana- 
tion which will help on that point. I should like to 
express my extreme appreciation of the lecture, 
and anticipate with other speakers that we shall 
benefit very considerably when we have an oppor- 
tunity of studying itin detail. 


Mr. Maurice Child : There are one or two remarks 
I should like to make. In the first place, I think it 
would be of interest to many here if Mr. Kirke 
would give us some idea as to how he actually 
arranges his main anode coils in a multi-valve 
neutrodyne system. It is a little practical point 
which might be of some assistance to those who 
have not yet attempted to do it. I have tried 
many times to arrange coils, but I have found it is 
not an easy matter, apart from the neutrodyning, 
to arrange the actual setting of the coils to avoid 
absolutely any interaction. l have found it a very 
complicated and difficult job. I was particularly 
struck with the very pretty way in which Mr. 
Kirke analysed the transformer action, and I think 
he is very much to be congratulated on having 
brought the thing down to such a very picturesque 
and nice way of looking at it. I was unfortunately 
not able to follow at the moment what Mr. Kirke 
said with regard to stalloy, but it was a point which 
I had intended to raise if the opportunity occurred. 
I have never been able to understand why stalloy 
steel has been used for so many years by the 
manufacturers of intervalve transformers. When 
one comes to think of it, the actual amount of 
change of current in the primary of an intervalve 
transformer is very small, unless one is dealing with 
fairly high power amplification, and such change 
of current —and therefore the change of the magnetic 
state of the iron—being exceedingly small, it is 
surely necessary to use a material for your core 
having the highest possible permeability. I under- 
stand that stalloy is not of that class of material. 
Stalloy, I believe, is mainly used for transformers 
on account of its very special qualities of high 
resistance to eddy currents, amongst other things, 
but I do not think in the ordinary intervalve or 
telephone transformer we are very much concerned 
with eddy currents. No doubt there is, theoretically, 
some small loss due to them, but I do not think it 
is very material. I have made up many telephone 
and intervalve transformers, and my last experi- 
ment was with a transformer in which I did not 
take the slightest trouble to insulate the various 
sections of iron at all. I left the iron surface 
perfectly bare, and relied on the slight oxide to do 
the work. 1 find I cannot detect any appreciable 
ditference in the results given by this transformer 
over those given by a transformer with varnish or 
paper insulation between the laminations. I have 
given up the use of stalloy altogether now, and use 
the softest possible iron I can get. There is another 
point in connection with transformers, and that is 
on the question of the losses due to hysteresis in 
iron. Very frequently in certain types of commer- 
cial transformers it is quite possible to show that 
the iron is working at a very considerable magnetic 
density due to the strong anode currents relatively 
going through it, and l should like to know whether 
Mr. Kirke thinks that is of consequence, or that we 
may get a rectification effect due to the transformer 
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itself. I may be talking nonsense here, but I should 
very much like to know whether he can confirm or 
completely upset my ideas with regard to this last 


point. 


Mr. H. L. Kirke, replying to the discussion, 
said: With regard to what Mr. Carpenter said 
about the effect of reactance in the anode circuit of 
a triode, I should say that he is right. I understand 
that if the back E.M.F. is out of phase with the 
current, the resultant dynamic curve will be an 
ellipse, and the width of the ellipse will depend on 
the ratio of the impedance in the anode circuit to 
the resistance of the valve itself. I have used 
choke-coupled amplifiers of various sorts con- 
siderably and have not found any distortion due 
to doing it. I have two methods of detecting dis- 
tortion. One is to listen through the piece of 
apparatus under test, before and after, making 
Suitable arrangements for the signals to be of the 
same strength and then balance out the funda- 
mental. After the current has gone through the 
apparatus, any distortion in any piece of apparatus 
will introduce harmonics. Therefore, if you are 
listening and a current after going through the 
apparatus has its fundamental balanced out, if 
there is any distortion you will get more harmonics 
or different harmonics. I tested various forms of 
coupling, and found that within reason, provided 
normal precautions are taken, there is no distortion. 
The other method is to use the cathode ray oscillo- 
graph. I have done considerable experimental 
work in that direction, and there is no essential 
distortion. The whole thing is that it does not 
matter if the shape of the dynamic curve is an 
ellipse provided the ellipse does not, anywhere in 
its excursions, run through any of the non-linear 
parts of the static characteristic curve, but once it 
does run into the non-linear part, then it has that 
effect which Mr. Carpenter has referred to. There 
was one instance in which I definitely found 
distortion due to that, and I did not quite under- 
stand it. It was only a few days ago, and I was 
doing some tests on various methods of rectification 
and trying to find out what is the distortion due 
to rectification. One of the methods of rectification 
was with a special two-electrode type of valve 
which had a very perfect static characteristic. 
When you put the negative on to the anode, you 
got no current, but when you put the positive on 
you got current which was proportional to the 
voltage. We found that when we used a low 
frequency choke in the output of this circuit, we 
definitely got distortion, because apparently the 
output of the low frequency E.M.F. was out of 
phase with the low frequency current, and the 
efficiency of rectification depended largely upon 
the amount of back E.M.F.; until we shunted the 
choke with relatively low resistance to neutralise 
the phase angle and bring it nearly to zero, we did 
get definite distortion coming in with this and 
various other types of rectification ; I think that all 
rectification will depend partly on the back E.M.F. 
and as to how that varies according to the imped- 
ance in the anode circuit. I am carrying these 
tests further, and if I have anything of interest to 
communicate l hope to be able to give you a short 
account of it. With regard to the initial per- 
meability, the figure of 300, as mentioned on the 
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curve, is what I have obtained, and it may be 
plus or minus 20 per cent. With reference to 
neutrodynes, I am afraid I have not done very 
much work on the point which Mr. Carpenter has 
brought up. The only thing I can say is this—in 
fact, I can say nothing exactly on the point he has 
brought forward because I have never actually 
done a test on it—but with regard to whether this is 
scientific or not, I really think that experimental 
tests are very, very useful and very often disprove 
certain scientific theories, and therefore are pro- 
bably more useful than science in some ways. 
There is no doubt that using reaction from the 
detector valve or a separate reaction valve, you 
definitely benefit, particularly if you do not wish 
to put reaction near the point of instability. 

With regard to Mr. Walker's point as to neutro- 
dvning and perfect balance, one point is that you 
seldom get perfect screening between coils, and the 
other point is that you do not use neutrodyning 
as a perfect balance, and therefore you cannot 
expect to get perfect balance. A third point in 
this connection is that possibly, due to small phase 
ditterences and small electrostatic couplings which 
are not suspected, you are not getting a true phase 
balance. You probably get a true balance with 
regard to amplitude, but the phases are not in the 
right relationship and the introduction of a small 
resistance in series, or a shunt with the neutrodyne 
condenser, might improve the balance. I do not 
know whether that is true, but it might be. 


Mr. R. E. H. Carpenter : It does. 


Mr. Kirke: I believe it is used in some forms 
of transmitter work. The point with regard to 
resistance capacity high frequency amplification 
is, I think, as Mr. Walker rightly said, that although 
magnification is small, it is fairly stable, and there 
is only one handle. To borrow a phrase from Mr. 
Carpenter, it provides something for Grandmother 
Jones—it is ideal. With regard to superheterodyne, 
I have had no actual experience of the super- 
heterodyne transformer of the iron core variety. 
I have used the resistance method—the resistance 
transformer coupling—but I have no doubt that, 
provided the various details are taken account of, 
the main points to bear in mind with regard to 
design are very much the same as for the low 
frequency transformer. There is one point to bear 
in mind in superheterodyning and things of that 
description, and that is the more you step up the 
less will be the back E.M.F. of the primary winding, 
because its impedance will be lower; therefore, 
the less will be the back E.M.F. and the tendency 
for reaction. 

With regard to Mr. Ashbridge's point about 
neutrodyning and high frequency resistance capacity 
amplifiers, the only way in which I have had 
anvthing to do with this is low frequency. That is 
rather Irish. Actually, I was thinking about the 
question of feeding back in connection with 
resistance capacity amplifiers, and we got over it 
by reducing the impedance of the valve before and 
so bringing the resistance of the grid down. What 
we did was to introduce a reaction condenser in 
the manner in Fig. 19. 

Actually, we used the grid filament of an ordinary 
power valve, and that was all right except that there 
was a tendency to howl at high frequencies. We 
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took some curves, and one particular curve was 
like Fig. 20a, without the condenser, whilst with 
the condenser the curve was something like Fig. 
20b. The measurement was actually at about 
6,000 cycles, and we immediately came to the 
conclusion that the phase angle of the circuit 
changed over at 6,000 cycles, which was the natural 
frequency, and became the opposite phase angle 
and so gave us a reaction in the reverse direction. 
We put a high resistance in series R (Fig. 19) with 
the neutrodyne condenser in order to overcome 
that, and that was nice because we could alter our 
ratio of resistance to capacity and so alter the 
phase angle. In the end, we gota curve like Fig. 20c, 
and we raised the natural frequency of the trans- 
former, and got nearly a straight line, up to 10,000 
cycles, which was fairly suitable for the job in 
hand. It was not quite good enough, however, 
and we went to the other method, t.e., using a low 
impedance valve. It is, however, a possible method 
of neutralising the capacity effect at high frequency 
of a resistance amplifier. At one time I was doing 
some short wave work—100 metres—and we got 
out an amplifier, using a V24 type of valve, of 


FREQUENOY 
Fig. 20. 


Fig. 19. 


low capacity and a special intervalve transformer. 
It was an ordinary wire-wound transformer wound 
with resistance wire, and we used various forms of 
reaction to stabilise this thing, which used to 
oscillate. I used eventually a trick coupling con- 
sisting of a small condenser connected to two grids 
in front of it. In that way we got a special arrange- 
ment and excellent reaction. We reduced the 
anti-reaction and put in reaction. With regard to 
the growth of the craze, if I may so call it, for 
neutrodyning, my opinion is this: In the old days 
everybody just used to oscillate and undoubtedly, 
provided nobody else minded, it was an excellent 
way to get a distant station. Since broadcasting 
started, however, oscillating has been rather 
unpopular in certain circles, and now we have a lot 
of people using sets who have very little skill and 
who would not use wireless at all but for broadcast. 
That started the craze for getting a receiver which 
was fairly stable over a big wave range and at the 
same time give long distance reception. 

With regard to Mr. Hogg’s point that when he 
used bottom bend rectification with a resistance in 
the anode circuit for low frequency and long distance 
reception he got trouble with oscillation, I am not 
sure whether he used a small condenser across the 
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resistance or not. I always use a condenser of the 
order of .ooo2zuF when using high frequency, 
and it not only improves the detector efficiency but 
it also prevents the high frequency getting past 
to the resistance amplifier. Although the resistance 
amplifier is not much good at 300 metres it does 
amplify perhaps 1$, 2 or 3 times, but at high 
frequency, unless you take steps to stop it, you 
will get what I call a squiggering effect. The other 
possibility is that as soon as you oscillate your 
feed tends to rise due to the curvaturelof the valve 
characteristic, particularly if you are using the 
bottom bend of the valve. Then the voltage drops, 
and directly the voltage drops the reaction becomes 
less and it stops oscillating, and it is a question of 
how quickly the H.T. can rise in the plate circuit, 
and that is what we call the squiggering effect. I 
think that is probably the trouble. It might also 
be due to the fact that he has not got condensers 
across the H.T. battery, although I should think 
he has. 

Mr. Bawtree brought forward the point of cut 
down at low frequency due to intervalve condensers. 
That is very much the same in effect as the cut- 
down due to lack of inductance in a choke amplifier. 
The only reason that it cuts down is that if the 
condenser is small it has a fairly high impedance, 
and there is a certain amount of potential ditterence 
drop across it. That p.d. is go deg. out of phase 
with the main p.d., and has not as much effect as 
1t would if it were not go deg. out of phase, with 
the result that you can have a smaller condenser 
than you think. It is quite possible for a loud 
speaker to cut off at frequencies below 300 cycles. 
Therefore it is possible that you would not feel 
the benefit of using larger condensers. 

With regard to Mr. Child's remarks as to the 
placing of the main anode coil in multi-valve 
systems when neutrodyning, I have not done much 
with that myself, but on each occasion recently 
when I had to build a high frequency amplifier, I 
was so dead kcen on getting the thing thoroughly 
efficient that I took enormous precautions and 
screened every coil completely. I have found bino- 
cular coilsextremely efficient because you localise the 
feed. These coils have two long solenoids in the same 
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direction connected in series. If the fields are in 
opposite directions the tendency will be for the 
fields to be neutralised outside, and that is quite a 
useful thing for balancing with neutrodynes. Be- 
yond that, I am afraid I have had no experience. 
In regard to the actual placing of the coils, I have 
always taken the precaution of screening every- 
thing. The other point was with regard to losses 
with stalloy in transformers. I have done a certain 
amount of measurement of hysteresis and eddy 
current losses, and there is definitely a sign that 
there is a considerable eddy current and hystersis 
loss in stalloy. In my measurements on trans- 
formers, the phase angle is of the order of 60 deg., 
but it varies according to the amount of flux 
density in the iron at the time, and it varies with 
all sorts of things, according to how much D.C. 
you put through the transformer yesterday or the 
day before, for instance. That is an actual fact. 
I have given a transformer to somebody to test 
with an ordinary D.C. galvo test, and the induct- 
ance has changed about 10 per cent. afterwards. 
With regard to eddy current and hysteresis loss, I 
have never worried where the soft iron is good, 
but for experimental purposes when a man builds 
his own transformer he can afford to take certain 
risks and build certain things in a circuit where a 
commercial man might fear to take them. On the 
question of distortion due to iron, what I do is to 
get a cathode ray oscillograph and put a sine wave 
into the iron and look at the wave form. Distortion 
did not occur up to a density of 5,000 lines per 
sq. cm., after which distortion started and increased. 
That was with no D.C. through the transformer. I 
have done very few experiments of this kind, but 
I did find in one experiment about a year ago that 
the D.C. does not matter very much provided you 
do not put too much A.C. through. In that case, 
at low frequencies the variation of flux density is 
not high. If, however, the change of flux density 
was likely to be high, then it would be a bad thing 
to put D.C. through because you will definitely get 
distortion. For that reason, in my amplifiers I 
always avoid having D.C. through the transformers 
by feeding through achoke and through a con- 
denser. 
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Inductance Coils Quantitatively Compared. 
By A. L. M. Sowerby, B.A., M.Sc. 


Part II. 


HE measurements embodied in Part I. 

of this article may be taken as a general 

survey of all types of inductance coil ; 

and if solenoids are the only coils seriously 

considered, this 1s so merely because they 

alone are efficient enough to repay the work 
of investigation. 

There are four independent variables in- 

volved in designing a solenoid coil to a 

definite inductance-value—they are as follows: 


1. The amount and kind of dielectric 
to be used in the construction of the former, 
and as covering to the wire itself ; 

2. The shape, or ratio of diameter to 
length (DJ! ratio) ; 

3. The gauge of wire; and 

4. The spacing between turns. 


Of these, the effects of I, 2, and 4 are the 
subject of direct measurements in the present 
article, and although it is not pretended that 
a full examination of any of these points 
has been made, yet sufficient information has 
been obtained to be of material assistance 
to those who wish to design coils of high 
efficiency and reasonable compactness. 


1. Effect of Dielectric. 


The figures on this point were obtained by 
Mr. Vaughan-Spencer, and are included here 
by his permission. The writer takes this 
opportunity of acknowledging Mr. Vaughan- 
Spencer’s very valuable assistance in most of 
the remaining measurements. 

A comparison was made in the manner 
described in Part I., between two coils care- 
fully adjusted to the same inductance, and 
as nearly identical as possible in shape, size, 
wire-gauge, and spacing, the one being wound 
with bare wire on a skeleton former, in ap- 
proved “low-loss” style, and the other 
wound with heavily-covered bell wire, turns 
touching, on a waxed cardboard tube. Any 
Increase in the H.F. resistance caused solely 
by dielectric losses should be clearly shown 
by this comparison. 


[R240 


The results were as follows :— 
(A) Description of Coils. 


1. “ Low-loss Coil,” 4.4 in. diameter hexa- 
gonal skeleton former lightly constructed of 
wood and ebonite. Wound with 60 turns 
of 20 S.W.G. bare tinned copper wire, 14 turns 
per inch. Length 4.3 ins. 

2. “ Bell-wire Coll,” 4.5 in. diameter waxed 
cardboard former. Wound with 59 turns 
of 20 S.W.G. tinned copper wire, covered with 
rubber and a very thick cotton covering, 
heavily impregnated with wax, 14 turns per 
inch approximately. Length 4.1 ins. 


(B) Voltmeter Readings. 


Tuning. 
Coil. Condenser. Deflection. 
oo ERTES: 
“ Low-loss ” 139 | I,270 
“ Bell wire” 1394 1,240 


| 


Frequency of measurements about 8ŝookC or 
375 metres. 


Mr. Vaughan-Spencer was sufficiently sur- 
prised by this result, which is in direct 
opposition to the current belief on the point, 
to confirm it by measurements of several 
other “ bell-wire coils ” of different shapes. 
These other measurements confirmed that 
given above, the figures obtained being 
almost the same. Those given are chosen 
for inclusion here because they refer to two 
coils deliberately constructed to be identical 
in all respects save that of dielectric. 

Since the increase in effective H.F. 
resistance due to the presence of this un- 
necessarily large amount of dry dielectric 
amounts to less than 2.5 per cent., the 
effect of dielectric losses in single-layer coils 
designed for the broadcast wavelength may 
safely be neglected in all but the most 
critical work. In multilayer coils, where 
turns at greater potential difference are in 
juxtaposition, the effect may probably be 
larger. The writer hopes later to perform 
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similar comparisons at much higher fre- 
quencies (6,000 to 10,000kC) at which 


dielectric losses may reasonably be expected 
to become serious. 

In all work done after the above result was 
obtained, no attention was paid to the 
absence or presence of wax, cotton, silk or 
cardboard as dielectric. 


Effect of Moisture. 


As already remarked in Part I., moisture 
largely increases the H.F. resistance of a 
coil close-wound with cotton-covered wire ; 
the writer is of opinion, in the temporary 
absence of experimental data on the point, 
that this is due to insulation losses rather 
than to dielectric losses. To rule out ir- 
regularities due to the moisture, all formers, 
though bought as “ waxed,” and all covered 
wire, were well boiled in wax before winding 
the coils used in the remaining measurements 
described below. 


2. Effect of Shape of Coil (D// ratio). 


A number of coils, of D/l ratio varying 
from 0.75 to 8.6, were made up and measured 
in the usual manner. In order to attain so 
wide a range of D/l ratios, it was found 
advisable to use two gauges of wire, the 
windings being chosen so that there was a 
large overlap of Djl ratio between the two 
series. 


TABLE I. 
| | D.C. re- 
CO | ~a, Diam. Length | Wire. sistance 
De Dil. 
No. ins. ins. |S.W.G. (apprx.) 
ohms 
I 0.75 | 24 | 3-35 22 85 0.72 
2 co ae ee, a eo 22 67 0.685 
2a | 1.09] 3 | 2.75 22 67 , 0.685 
3 1.55 3$ | 2.25 22 53 0.632 
4 ae 4 | 1.84 22 47 0.640 
5 2:73 44 | 1.65 22 42 0.044 
6 3-560 | 54 1.47 22 gy 0.661 
7 1.36 2 | 1.47 36 = 7.I 
8 2.05 24 1.22 36 61 7.05 
9 | 2.82 | 3 | 1.06 36 §2 7.21 
IO | 4.15 | 34 | 0.845 | 36 43 | 6.95 
II 535 | 4 0.75 36 39 7-21 
12 6.25 4 0.72 30 35 7.25 
13 8.6 st 7.51 


All coils are close-wound, and cardboard tubes 
and wire both boiled in wax in all cases except 2A, 
which was left unwaxed for comparison. 

The figures for D.C. resistance are calculated 
from wire tables, and are not the result of measure- 
ments. 


304 


WIRELESS & 


EXPERIMENTAL 
Table I. gives particulars of the coils, and 
Table Ia, the results obtained on measure- 


ments. 


TABLE Ia. 
| Deflectic 
Coil C. en loss Coi 
No. | (degrees) Re resonance Tete 
(microamps) 
£ kOn 1340 1400 
2 | 28.5 1340 1400 
2A | 29 1345 1400 
3 28.5 1340 1400 
4 29.1 1320 1395 
5 28.5 1335 1395 
6 28.5 1325 1400 
7 | 29.0 1130 1400 
8 | 29.3 1150 1400 
9 28.5 1130 1400 
IO 29.1 1145 1400 
II 29.5 1130 1400 
I2 | 29.0 IIIO 1400 
13 28.1 | 1105 1400 


The reading for the low-loss coil was checked 
immediately after each measurement in order to 
make certain that the oscillator output was reason- 
ably constant. The figures for coils 4 and 5 are 
plotted as 1325 and 1340 respectively. 


The figures of Table Ia. are plotted in 
Fig. I, the diameter- -length ratios as abscisse, 
and the deflections in microamps as ordinates. 
It will be seen at once that both lines are 
substantially horizontal, though both show 
a tendency to fall at high values of D//. 


NUNAN EZSRARNERZEREEREAE 
REKBNEZEZREEKBAZRZESME 
FTErreswo] ase 
KABSANKNEKEZANZSRAEE 

BSEKZEENEBDE 


OĈ” Y” og sz 4 EB 8 7 = 9 
Dé RATIO 
Fig. 1. 


There is thus no indication of any optimum 
value for the D/L ratio, so that all solenoid 
coils of the same inductance, wound with the 
same gauge of wire and with the same 
spacing between turns, may be taken as 
identical, whatever their shape. The fall 
in efficiency at high D// values appears to 
be a secondary effect, and will be referred to 
again in the section dealing with spacing. 
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Incidentally, the popular prejudice against 
waxing coils is shown, by comparison of 
Coils 2 and 2A, to be unfounded; the dif- 
ference is within the limit of variation of 
coils nominally identical. 


3. Effect of Spacing. 


To investigate the effect of spacing between 
turns, two sets of coils, one wound with 22- 
gauge wire and the other with 28-gauge, 
were prepared. Acting on the results of 
previous experiments, the influence of di- 
electric was ignored to the extent of obtaining 


TABLE II. 
Deflection 

Coil No. E on resonance. 

(degrees) (microamps) 
I 105 810 
2 106 875 
3 106 955 
4 106 985 
5 106 950 
6 107 750 
7 106} 830 
8 106 895 
9 105} 935 
IO 1063 QIO 
II 106 905 


The coils were measured twice, each time going 
through the whole series in the order given above, 
and no variations greater than 5 microamps (the 
smallest variation observable on the o-1.5 milli- 
ammeter used) were observed. 
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the first three spacings for each gauge by 
winding coils, turns touching, with enamel, 
double silk, and double cotton covered wire 
respectively. Further coils were obtained by 
“double-winding,” putting on two wires 
simultaneously and removing, after winding, 
the wire not required. 

Table II. shows the results of the measure- 
ments, and Table IIa. gives a full descrip- 
tion of the couls. 

Curves are shown in Fig. 2 of these 
results, ‘‘ surface-spacing in diameters ” being 
plotted as abscisse, with deflections in 
microamps, as ordinates. 

Both for 22 and 28-gauge wire there is an 
optimum spacing, the maximum of the curve 
being more sharply defined for the thinner 
wire, as might be expected. For the two 
cases examined, this optimum spacing is 
more nearly the same when expressed in 
wire-diameters than when expressed in mm. 
—hence the scale chosen for plotting. The 
maxima come as follows :— 


For 22-gauge wire at 1.4 diameters, or 
0.875 mm. between surfaces ; 

For 28-gauge wire at 1.2 diameters, or 
0.5 mm. of adjacent turns. 


These maxima will appear at slightly 
different spacings, in all probability, on 
formers of different diameters—the writer 
would anticipate that slightly wider spacing 
would be required on a former of larger 


TABLE IIA. 
| : @pprox. 
| D.C. Centre- Surface- Surface- 
Coil Wire. Length. Turns Resis- Spacing. Spacing. Spacing. 
No. | (cms.) | tance. (mm.) (mm.) (diameters). 
| (ohms.) 
l | 
I | 22 ENAM. 3.5 | 56 | 0.574 0.625 | o o 
2 23 DSC: 5.0 62 0.635 0.806 0.185 0.290 
3 22 DCC. 8.1 72 0.736 ee 0.507 0.811 
4 22 D.C.C. L7 83 | 0.850 1.41 0.795 1.27 
5 22 D.CC. 18.9 99 I.OII 1.9I 1.30 2.08 
6 28 ENAM. 2.0 48 1.76 0.417 O o 
7 28 D.S.C. 2.45 5I 1.87 0.48 | 0.005 0.156 
8 | 28: Dec. 3.58 56 2.05 0.64 | 0.226 0.542 
9 28 ENAM. 5.4 63 2.31 0.86 | 0.448 1.07 
IO 28 ENAM. 6.05 66 2.42 0.916 | 0.508 1.22 
II 2.04 I.II 0.705 1.09 


28 ENAM. | 0.8 72 


All coils wound on 3 in. waxed card formers. 


“ Centre-spacing ’’ means distance between centres of successive turns. 

“ Surface-spacing ’’ means distance between surfaces of successive turns, measured in mm. (Col. 7) 
or in terms of the diameter of the wire with which the coil is wound (Col. 8). 

The diameter of the wire, being less in each case than the published figure for the gauge, is taken 
as the diameter of enamelled wire; 1.e., 0.625 mm. and 0.417 mm. respectively. 
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diameter, owing to the greater potential 
difference between turns. It is to this 
eftect that he attributes the slight falling off 
in ethciency shown by the coils of high Dl 
ratio in Table I.; the spacing was certainly 
closer than the optimum on the 3 in. former, 
and still further removed, on this assumption, 
from the optimum value for the larger 
formers. Even in the case of the 36 D.c.c. 
wire, where small variations in spacing may 
be expected to make large changes in the 
eftciency, the falling off is small, showing 
that the change in “effective spacing ” is 
likewise small. Thus onlv small divergences 
in optimum spacing-values are to be expected 
in consequence of changes in the diameter of 
the coil. 


4. Effect of Gauge of Wire. 


On this point the writer has no new facts 
to otter; it is already well known that, up 
to 22 gauge at least, the thicker the wire 
the better the coil. But it is of some interest 
to note that before a fair comparison of the 
relative merits of different wire can be made, 
the optimum spacing for each gauge must be 
found; 22 D.s.C. wire, for example, if close- 


wound, makes a coil less efficient than the 
optimum of 28-gauge wire. 

Further, provided that the best spacing is 
used, the gauge of wire makes less difference 
22 gauge is 
(Fig. 2.) 


than is popularly supposed ; 
less than 6 per cent. better than 28. 


DEFLECTION IN 4A 


. 0 04 08 12 16 20 24 28 3-2 
SURFACE SPACING IN DIAMETERS 
Fig. 2. 


In practice, a limit to the thickness of 
the wire 1s soon reached, on account of the 
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rapidly increasing bulk of the coil. Not 
only is the wire itself thicker, but a greater 
space has to be left between turns, this 
space increasing even more rapidly than the 
wire-diameter itself. Since, further, this 
wider spacing necessitates an increase in the 
number of turns to reach the same inductance, 
the bulk of the coil speedily becomes im- 
possibly great. 

The writer has not investigated coils 
wound with wire thicker than 22 gauge, 
chiefly on account of the difficulty in ob- 
taining even spacing with stiffer wire. 


5. The Practical Design of Coils. 

The measurements here given show that 
the task of designing a single-layer coil for 
the broadcast wavelengths is less involved 
than is normally supposed. Since neither 
dielectric losses nor shape need be seriously 
considered as factors in efficiency, it only 
remains to choose a moderately stout gauge 
of wire, and wind it, at somewhere near the 
optimum spacing, to the required inductance, 
using any reasonable former. Further, since 
the spacing-efficiency curve is very flat- 
topped for the thicker wires, the natural 
spacing afforded by close-winding double 
cotton covered wire is near enough for most 
purposes, giving actually about 95 per cent. 
of the efficiency, if 22-gauge wire is chosen, 
of the “ low-loss ” coil taken as standard. 


It should not be forgotten, in this connec- 
tion, that the anode-rectifer used for 
@neasuring, even with the addition of six or 
eight feet of aerial, probably introduces less 
damping than almost any apparatus con- 
nected to a coil in an ordinary receiver, so 
that any small differences shown by these 
measurements would be suppressed in prac- 
tical use. 

On balance then, the old-fashioned solenoid, 
well waxed, holds the field for efficiency com- 
bined with convenience ; the multilayer coil 
is hopelessly inefficient, even when turns and 
layers are well spaced, while the extra 
ethciency of the “ low-loss ’’ coil is minute, 
and, owing to the trouble of making, absurdly 
dearly bought. 
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The Cause and Elimination of Night Errors 


in Radio Direction Finding. 


[R510 


Paper read by R. L. SMITH ROSE, Ph.D., M.Sc., and R. H. BARFIELD, M.Sc. 
before the Wireless Section, I.E.E., on 5th May, 1926. 


. Abstract. 


HE paper is communicated by per- 
mission of the Radio Research Board, 


and describes experiments carried out 
with a view to obtaining more conclusive 
evidence as to the causes of apparent varia- 
tions of bearings observed under certain 
conditions with wireless direction-finders. 

Much of the authors’ work in the past 
few years has been the investigation of 
“night effect” in direction-finding, and 
methods have been developed to distin- 
guish between the electric and magnetic 
components, with separate measurements 
of their intensity and direction. It is now 
evident that the variations are caused by 
the action of the horizontal components of 
the electric force in the downcoming waves 
on the horizontal parts of the D.F. loops. 
Another portion of the work has been to 
ascertain whether the downcoming waves 
have been laterally deviated from the great 
circle plane through transmitter and receiver. 
This matter is one of practical interest, for 
apparatus which shows the absence of lateral 
deviation provides a direction-finding system 
free from variable night errors. 

The problem involves the production of 
apparatus which will measure the horizontal 
component of the direction of arrival of 
wireless waves, irrespective of their angle 
of incidence at the earth’s surface or their 
state of polarisation. 

Several methods which have been suggested 
for tackling this problem are then described, 
and early experiments on the subject at the 
Radio Board’s Station at Ditton Park, near 
Slough, are discussed. 

The arrangements finally described in the 
paper are a modification of a system patented 
in 1919 by F. Adcock, in which the aerials 
are mounted and connected so as to ensure 
that only the vertical parts are acted upon 


by the arriving waves. The simplest form 
which the system can take is probably that 
of Fig. 2*. 

The connections shown should have the 
effect of rendering any E.M.Fs. set up in 
the horizontal parts of the system equal 
and opposite with regard to the “ aerial— 
field-coil—earth,” so that the net voltage 
induced in the circuit is that due to the 
phase difference of the voltages in the two 
vertical limbs (of Fig. 2b, which shows one of 
the pair of aerials). Since the E.M.F. follows 
a cosine law, the pairs of aerials may be 
used with a radiogoniometer and search coil, 
as in the Bellini Tosi system. The arrange- 


a field cot —"/,) 
(a) Sketch of the system. (b) 
of single pair of aerials. 


Fig. 2. Elevation 


ment of Fig. 2 was found to be unsatisfactorv. 
The horizontal E.M.Fs. were not balanced 
out—probably due to stray capacities—and 
gave rise to serious errors. By way of 
improvement an attempt was made to screen 
the whole of the horizontal portion by means 
of a screening trunk formed of a number 
of parallel wires, the whole screen projecting 
a considerable length beyond the aerial, 
while at their inner ends the wires were 
joined to the metallic lining of a screened 


«The authors’ original figure numbers are 
adhered to throughout this abstract. 
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operating hut. This arrangement was also 
unsuccessful, for although the screen effec- 
tively shielded the horizontal portion, the 
secondarv field due to the screen itself set 
up E.M.Fs. in the vertical limbs of the 
aerials. 
lnsulating ropes 
supporting hut 
AĜ " 


Meva, = $a TI 


s~ ee a leve! 
Fig. 4. 


The alternative arrangement described by 
Adcock was therefore adopted. In this 
case the vertical aerials are comprised of 
complete Hertzian oscillators with leads 
taken horizontally from their mid-points 
to the apparatus in the screened hut. To 
maintain symmetry the hut with the appa- 
ratus and operator was raised to the level 


Pair of 


= 


Senge 
ield coil 


Fig. 5. 
of the centre of the system, about 20 feet 
above the ground. The aerials were sup- 
ported on poles 44 feet high placed at the 
corners of a 20-foot square. The receiving 
hut was suspended from cross beams on 
the poles by insulated steel ropes to mini- 
mise its capacity to earth. The arrangement 
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is shown schematically in Fig. 4, while 
the connections of one pair of the Hertzian 
oscillators is shown in Fig. 5. 

The balancing out of the effects in the 
horizontal limbs was verified first by measur- 
ing the directional properties of the individual 
aerials and secondly by comparing the 
induced currents in the upper and lower 
halves of the same aerial. The latter test 
revealed a superiority of 2 or 3 per cent. 
of the lower half over the upper, due pro- 
bably to different capacities to earth. This 
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Fig.6. Observations of bearings on Bournemouth 
on 8th November, 1925 (wavelength 386 metres). 


could probably have been eliminated by a 
slight shortening of the lower half to secure 
electrical equality. Other tests showed that 
the receiving properties of the aerials were 
not materially influenced by slight irregu- 
larities or differences in the neighbouring 
supporting structures. Tested under con- 
ditions giving freedom from night errors 
the apparatus was found to be subject to a 
permanent error of the same order as that 
experienced on closed coil systems in use in 
the same field, due to the local surroundings. 


THE WIRELESS ENGINEER 


In order to investigate lateral deviation, 
observations were made on certain trans- 
missions which were known to give rise to 
night errors. The apparent bearings were 
observed simultaneously on the apparatus 
described and on an ordinary single coil 
direction-finder in another hut 100 yards 
away. The most serious night variations 
were obtained on Bournemouth and Cardiff. 
The results of two sets of simultaneous 
observations are shown in Figs. 6 and 8. 
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Fig. 8. Observations of bearings on Cardiff on 
26th January, 1926 (wavelength 353 metres). 


In Fig. 6 it is seen that the single coil system 
showed a rotation of apparent bearing 
through more than 360°, while on the Adcock 
system the extreme variation was 14°. 
The results on Cardiff in Fig. 8 show the 
same effect, although the variations are less 
violent. 

From these results it is to be concluded 
that lateral deviation plays a negligible 
part in producing large and variable night 
errors, as are obtained on single coils, and 
that these errors are entirely due to the 
arrival of downcoming waves polarised with 
the electric force horizontal. The slight 
residual errors shown for the Adcock system 
(up to + 7°) may be caused by a slight 
imperfection of balance, or it may actually 
be a residual amount of lateral deviation. 
It may be shown that if two waves are 
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arriving with varying phases and direction 
of travel, in vertical planes separated by 
an angle y, the total apparent variation 
in the resultant direction will greatly exceed 
ý. The apparent variations of + 79 is 
probably an indication of a much smaller 
real lateral deviation. A slight lateral differ- 
ence of path is almost certain to exist, as 
the horizontal wave on land is nearly always 
slightly deviated by local irregularities (trees, 
etc.). The investigations described in the 
paper form a useful confirmation of the 
magneto-ionic theory recently introduced 
(by Appleton and Barnett in England and 
by Nicholls and Schelling in America) in which 
rotation of the plane of polarisation of the 
downcoming wave is ascribed to the influ- 
ence of the earth’s magnetic field on the 
motions of ions in the upper atmosphere. 

From the results shown, it is concluded 
that Adcock's four-aerial system may be 
used as a direction-finder giving the true 
direction of the great-circle plane of arrival 
of waves whatever their state of polarisation 
or angle of incidence relative to the earth. 

It should have important applications as 
an accurate direction finder under night 
conditions or for observing signals from 
aircraft at high angles of elevation, when 
the ordinary closed loop is subject to large 
errors. It would, in practice, be preferable 
to have the receiving gear and operator 
located on or near the ground, and several 
methods of securing this are in view for 
An appendix bv 
Mr. F. Adcock, M.B.E., B.Sc., deals with 
“ Some Early Observations on Aircraft with 
the Four-Aerial Direction-Finder.” 

In the tests described an aeroplane flew 
at a moderate altitude and at distances of 
3 to 8 miles from the direction-finding station, 
where observations were made on an ordinary 
loop and on the four-aerial system. Errors 
of up to 40° are shown in a table for the 
closed loop, while the maximum error for 
the four-aerial system is 6°. The errors of 
the loop were reversed when the direction 
of flight of the transmitting aeroplane was 
reversed. 
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Audio-Frequency Measurements. 


Extracts from a Paper read before the Institute of Electrical Engineers on 29th April, TR: 


“The Frequency Characteristics of Tele- 

phone Systems and Audio-Frequency 
Apparatus, and their Measurement,” was 
read before the I.E.E. on 29th April, by 
Messrs. B. S. Cohen, A. J. Aldridge and 
W. West, of the G.P.O. Research Depart- 
ment at Dollis Hull. 

Much of the paper is concerned with line- 
telephone practice, but a large part is of 
considerable wireless interest, dealing with 
loud-speakers and low-frequency intervalve 
transformers. 


A N interesting and informative paper on 


Low-pass filter 
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Fig. 7. 


Various methods are described for the 
direct and indirect production of constant 
acoustic output over the audio range. 

Of the indirect methods, 7.e., those con- 
sisting of the electrical generation of the 
requisite frequency, the use of an unusual 
form of valve generator is discussed. The 
requirements are a constant output over a 
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continuously variable frequency from, sav, 
o to 5,000 cycles. This is secured by means 
of two radio frequency oscillators arranged 
to beat with each other, the beating output 
being used for the required audio frequency. 
The circuit diagram is shown in Fig. 7,* 
which also shows the method of taking 
photographic records. Each oscillator circuit 
comprises a grid coil L, of 50,000HH, 
coupled to an anode coil of 20,000HH, 
tuned by C, of about o-oorpF. A variable 
condenser C, of o-ooo53w/uF maximum is in 
parallel with one of the condensers C, to 


0-095 HF 0-005 uF T 


R= 80 0000hms VA 


Diagram of the circuit used. 


cover the beat range of about 50,00¥ cycles. 
Output coils of L, of 10,000HUH introduce 
the radio frequencies in the amplifying 
valves V,, which serve to prevent, as far as 
possible, interaction between the oscillators. 


numbers are 


* The author’s original figure 
adhered to throughout this extract. 
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Each oscillator and its amplifier is also 
enclosed in an iron box. The high fre- 
quencies are taken by resistance capacity 
coupling and a common input lead to the 
grid of the detector V, operating on anode 
bend rectification. A low-pass filter m the 
anode circuit, with a cut-off at about 20,000 
cycles, serves to reduce to negligibility the 
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high frequencies in the L.F. output, which 
is brought by two stages of resistance 
capacity coupling to the output transformer 
T. This consists of interleaved wave-wound 
slab coils built on rI-inch square cores of 
stalloy stampings, the secondary terminating 
on a non-reactive load of,800 ohms. There 
still being a tendency for the output to fall 
off at higher frequencies, which is remedied 
by the o.2H air-cored coil L,, which is in 
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Fig. 22. 


series with R,, gives the circuit impedance a 
rising characteristic with frequency. The 
output (f) frequency of the oscillator is shown 
in a curve to be practically entirely constant 
over the specified range. 

Extensive results are described and illus- 
trated, those of wireless interest concerning 
loud-speakers and intervalve transformers. 

Fig. 2r is the frequency characteristic of 
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a horn-type loud-speaker having a circum- 
ferentially corrugated diaphragm, with its 
centre connected to an armature. The horn 
expanded from an internal cross sectional 
area of 0.32 sq. in. to one of 0.5 sq. ft., the 
axial length being about 20 in. This was 


w 


(Relative acoustic output) 
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Fig. 23. 


taken in the open air at some distance from 
buildings. 

Fig. 22 is also of a horn type, with stalloy 
disc diaphragm. The horn was of metal, 
the extreme cross-sections being 0-25 sq. in. 
and I sq. ft., and axial length of about 
28 in. 

Fig. 23 is of a telephone headgear receiver 
used as a loud-speaker, with an exceptionally 
well-designed horn, which expanded, accord- 
ing to an exponential law, from a cross- 
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Fig. 24. 


section of 0-2 sq. in. to one of I sq. ft. ; 
the axis was straight and 3 ft. in length. 

Figs. 24 and 25 are for hornless patterns. 
That of Fig. 24 was of pleated diaphragm 
type with a diameter of about 1 ft. That of 
Fig. 25 was umbrella-shaped and very light. 
In both cases the centre of the diaphragm 
is connected by a pin to the armature of the 
electro-magnet system. 

C2 
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Figs. 22, 23 and 24 were taken in a cabinet 
which had been draped to minimise sound 
reflections. Fig. 25 was taken in a large 
room without any reflection precautions, 
which may have modified the characteristics. 
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As regards L.F. amplifiers and intervalve 
transformers, results are given of measure- 
ments with the transformers in circuit with 
a valve, and also for a test circuit in which 
the anode impedance of the valve is replaced 
by a non-inductive resistance. It is pointed 
out that the performance of the transformer 
depends on the circuits with which it is used. 
The especial points are (a) the impedance of 
the valve in its primary circuit; (b) the 
capacity load on the secondary; (c) the 
presence of grid current in the secondary. 
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3 and 4 were with loads of I00 and 200ppF 
respectively on the secondary, and curve 5 
with 50,000 ohms on the primary. A valve 
of 20,000 ohms impedance was used in the 
primary; this being replaced for curve 6 


Cycles per second 
Fig. 38. 


by one of 6,000 ohms, with normal con- 
nections. 

Fig. 38 is for transformer B, also of 
commercial manufacture with 4to I ratio. It 
was of slab coils round a heavy closed iron 
core, and from its construction exceptionally 
high magnetic leakage was to be expected. 
Curve 1 is oscillator characteristic ; curves 
2 and 3 the performance with normal con- 
nections and with reversed secondary respec- 
tively, with a 20,000-ohm valve. For 4 and 5 
a 6,000-ohm valve was used, curve 4 with 


Cycles per second 
Fig. 37. 


The anode impedance of the second valve 
may also exert an influence, which has not 
been investigated. 

Fig. 37 shows the performance under 
different conditions of transformer A, of 
the ordinary type and commercial manu- 
facture, with 4 to 1 turn ratio. Curve I is 
the oscillator output, curve 2 the per- 
formance of the transformer normally con- 
nected (IP to anode, OS to grid). Curves 


Cycles per second 
Fig. 39. 


normal connections, and 5 with reversed 
secondary. Capacitative load on the secon- 
dary is illustrated in Fig. 39, where curves 
I and 2 are as for those of Fig. 38. Curve 3 
was taken with a capacity load of 5SouuF 
on the secondary, and curve 4 with a load of 
I,00OUHUF on the primary. 

A mathematical appendix deals with 
the equivalent circuits of intervalve trans- 
formers. 
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Mathematics for Wireless Amateurs. 


By F. M. Colebrook, B.Sc., A.C.G.I., D.I.C. 


[510 


(Continued from page 287 of May issue.) 


EFORE going on to consider the 
JR ombination of positive and negative 

numbers in general, it will be convenient 
to learn a little more shorthand (for that 
is what the use of mathematical signs really 
amounts to). 


(1.) a>b 
means that the number a is greater than the 
number b. Notice that the thin edge of the 
wedge points to b, which is, so to speak, the 
thinner of the two numbers. œ 

(11.) a <b 
means that the number a is smaller than the 
number b. The same mnemonic* will serve. 

There are some variations of these signs 
which are useful for numbers which can vary 
in size under given conditions. 

(i11.) a pb 
means that a is not greater than b, 1.e., a can 
be any number equal to or less than b. 
Notice that the “ not '” is suggested by the 
crossing out of the “ greater than ” sign. 


(iv) Similarly a «b 


means that a is mot less than b, 1.e., can be 
any number equal to or greater than b. 


(v.) In the same way a + 6 
means that a is not equal to b. 


(vi.) Finally, it is necessary to define a new 
idea, or a new word, which comes to the 
same thing. The difference between two 
numbers is that number which must be added 
to the smaller of the two to make tt equal to 
the larger. Thus the difference between two 
and five is three, three being the number 
which must be added to the smaller, two, to 
make it equal to the larger, five. We are 
not here concerned with sign at all, nor with 
the combination of positive and negative 
numbers. Difference expresses a simple 
arithmetical relation between the sizes of 
numbers, regardless of sign. In symbols the 
difference between a and b is written 


a—b. 


* Mnemonic means “' assistance to memory.” 


The general case of the combination of 
positive and negative numbers can now be 
considered, and with the help of the ideas 
already acquired it should not prove difficult. 

The combination of the positive number a 
and the negative number —b can be written 

+a—b 
or more shortly still, 

a—b. 
In terms of our journey units this means a 
journey of a inches to the right followed by 
a journey of b inches to the left. This is 
illustrated in Fig. 4 (a) forthe casea>b. The 


length of the resulting journey will obviously 
be the difference between a and b, i.e. (a—b), 


+a 
———khŜiĜi]—»m an) 
-b 

+a-b 

+C ` 

(6 e (b) 
~d 
+c-d Fig. 4. 


and its direction, t.e. sign, will depend on 
whether we go more to the right than to the 
left or vice versa. In other words, the sign 
of the resulting journey will be the sign of 
the greater of the two numbers, a and 8, 
just as in a human partnership the stronger 
of the two partners will get things his own 
way. In the case illustrated in Fig. 4 (a), a 
wins, 1.e., the sign of the resultant journey 
is positive. In symbols, 
a—b=-+(a—b). 
On the other hand, for two other numbers 
c and d, such that c«d (Fig. 4 (b)) : 
c—d=—(d—c) 

or the resultant journey is to the left or 
negative. | 

In words, the combination of a positive and 
a negative number 1s another number the size 
of which ts the difference of the two numbers, 
and the sign of which is the sign of the greater 
of the two numbers. 
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A further thing to notice is that it does not 
matter which of the two journeys is made 


first. The result will be the same. If this 
is not immediately obvious it can be made 
+8 
-b 
+a -b 
-b 

—— m~ 

—b a 

Fig. 5. 


a fact of experience by actually drawing out 
and measuring several such cases, as in 
Fig. 5. This conclusion can be stated 
+a—b=—b-+a. 

Further, in the case of several journeys such 
as 

+a—b—c+d—e-/, etc., 
any arrangement of these can be got by 
changing round two at a time, and since 
changing round two at a time does not affect 
the result, any arrangement of these journeys 
will have the same result. Finally, as these 
journey units satisfy the fundamental rule 
about addition (being things all of the same 
kind) the above statement may be completely 
generalised as follows :— 

The result of adding any number of positive 
and negative numbers ts not affected by the 
order in which the various positive and negative 
numbers are added. 
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_ First, therefore, the journey will be 
arranged in the form 

+a+d+f—b—c—e. 
Now all the positive journeys or journeys to 
the right can be combined together and 
considered as the single journey to the 
right, +(a+d+f). 
Similarly all the negative journeys or journeys 
to the left can be combined together. The 
result will be a single negative journey the 
length of which is equal to that of all the 
separate journeys put together, t.e., the sum 
of the separate negative journeys. This 
single negative journey is therefore 
—(b+c-+e). 

The total journey can now be expressed as 
the combination of these groups, t.e., 


+a—b—c+d—e+f 
=+a+d+f—b—c—e 
=(a+d+f)—(b+c-+e) 
and the rule of sign can be applied to the 
two separate groups. Thus if (a+d-+f) is 
greater than (b+c-+e) the sign of the total 
combination will be positive, and vice versa. 


(B.1,) Brackets and the Negative Sign. 

It was shown in the preceding section that 
the three negative journeys —b, —c, and —e 
could be combined together into the single 
negative journey represented by —(b+c +e) 
and since (b--c-re) is the same as (+5-+c-+e), 
then this grouping process is represented by 


—b—c—e= —(Hb-Lc-re) 


+a A 
(a) 8 Zb 
O (+a-b) B 
p< ta—-b)_ O , 
A” -a (b) 
e -— o 


Fig. 6. 


This is known as the Law of Commutation 
(cf. Section 3 (a)). 

How is the rule of signs to be applied to 
a rather complicated group of journevs (or 
numbers) like the one just considered ? The 
easiest way Is to take all the positive journeys 
together and all the negative journeys to- 
gether, just as in making up accounts one 
adds up all the credits together and then all 
the debits together. 


and since there is no reason why this process 
should not be reversed 
—(+b+c+e¢)= —b—c—e. 

This shows that if there is a negative sign 
in front of a bracketed expression and the 
brackets are taken away then all the positive 
signs inside the brackets must be changed to 
negative signs. 

Consider now the combination of journeys 
--a—b shown in Fig. 6 (a). This means the 
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Journey O to A and then A to B. Considered 
as a single journey it is the journey (+a—), 
t.e., the journey O to B. Applying the nega- 
tive sign to this journey reverses its direction 
and makes it the journey O to B’ shown in 
Fig. 6(b), t.e 
=(-Ha—b) 
OB’=—(+a—). 


If now it is wished to dissociate the journey 
OB’ into two parts one of which shall be of 
length a and the other of length b, there is 
only one way to do it. The journey a, the 
longer of the two, must be made to the left 
and the journey b to the right. That is, 


, OB'=—a +b. 
This shows that 
—( +a—b) =—a +b. 
The same argument can be applied if a is 
less than b. 
If the bracket contains a number of positive 
and negative numbers these can be grouped 


together in the manner shown in the pre- 
ceding section. For instance, 


a—b—c+d+e—f=a +d +e—b——f 
=(a +d+e)—(b+c+/f) by Section 3 (d). 


Now representing the group (a+d-+e) b 
the single number or journey p and the group 
(b--c--f) by the single number or journey q, 
then 
a—b—c+d+e—f=p—q 
and 
—(a—b—c+d+e—f) =—(p—4) 
=—p+q as already 
shown. 


=—(a+d+e)+(b+c+f) 
=—a—d—e+6b+c+f 
=—a+b+c—d—e+f 


The general rule should now be clear. If 
a negative sign 1s in front of a bracketed group 
of numbers and the brackets are taken away, 
then all the positive signs inside the brackets 
must be changed into negative signs, and all 
the negative signs must be changed into positive 
signs. 


It should already be obvious that if there 
is a plus sign in front of the brackets, then 
the brackets can be taken away without 
altering the signs inside the brackets at all. 
This only expresses the idea that a combina- 
tion of positive and negative numbers can 
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be considered as a single number, 1.e., for 
instance, 

a—b—c+d=(a—b—c+d) 
= + (a—b—c+ d) 


or reversing the process, 
+ (a—b—c +d) =a—b—c +d. 
(c) Repeated Combination. 


Just as a number of parcels can be wrapped 
up into a larger parcel, and a number of 
these larger parcels can be wrapped up 
together into a still larger parcel, so a number 
of combined numbers can be grouped together 
into a combination of combined numbers, 
and these again can be further grouped 
together indefinitely. For distinctness, each 
degree of combining or wrapping up is shown 
by a different sort of bracket. To take an 
example—combining the numbers 


(a—b) 
and —(c--d) 
gives [(a—b)—(c+d)] 


Combining this with a similarly combined 
negative number 
+(g—A)] 


—[(e+/) 
gives 
{[(a—b)—(c +4) ]—[(e +f) Hg) 


and combining this with another simple 
number k 


k+{[(a—b)—(e +4) ]—[(e+f) + (g—’)]} 

In carrying out the reverse process, one 
would, in dealing with a parcel of parcels, 
remove one wrapper at a time, starting with- 
the outside one. Dealing with the above 
combination of combinations in the same 
way, and remembering that every sub-com- 
bination is to be regarded as a separate single 
thing, the process becomes 


k+{[(a—b)—(e+4)]—[(e+f)+(g—’)]} 
=k+[(a—b)—(c+4)}—](e+f) + (g—A)] 
=k + (a—b)—(c+d)—(e+/f)—(g—h) 


=k +a—b—c—d—e—f—g+h 


which reveals the fact that k, a, and h are 
the only positive numbers in the whole 
group, a point which was not at all obvious 
in the combined form. 


Actually the parcel analogy is not quite 
complete, because in a case like the one 
above there is nothing to prevent one from 
unwrapping some of the inside parcels first 
without disturbing the outer wrapping. 


June, 1926 


Thus 
k+{[(a—b)—(c +4) ]—[(e+f) 1-an) 
=k+{[a—b—e—d]—[e+f+g—h]) 
One can even rearrange the separate numbers 
into different inside parcels again thus 


k+{[(a—d)—(c+6)]—[(e—A) + (8 +f)]} 
Another inside rearrangement is 


k-+{[a—(b-+e+d)]—[(e+f-+g)—H]} 
or 
R+-{[a—(b+¢+4)]+[h—(e+f+8)]} 
which exhibits the number in a more sym- 
metrical form. , 
The following is left as a simple exercise 
for the reader. Show that 


[(a+-b +c) —{ (a—b)—[(c—b) + (a—c)]) 
—[(a+b—c) + (a+b +c) + (c—a—t)]=o 
(c.1.) Extended Meaning of the Letter Symbols. 


Up to this point it has been assumed that 
the letter symbols used in algebra represent 
positive whole numbers, and negative num- 
bers have been represented by prefixing the 
negative sign to the letter symbol. This 
was done in order that the laws about 
association and commutation and the rules 
relating to the negative sign might be 
explained as clearly as possible. But now 
that these things have been explained, there 
is no reason why the meaning of a letter 
symbol should be restricted in this way,* and 
in practice it would be rather inconvenient. 
In later applications it will be found that the 
number represented by a given symbol may 
vary over very wide ranges in accordance 
with the conditions of the problem, and may 
be negative for one set of conditions and 
positive for another. It will be found on 
examination that the rules developed for 
the combining of the numbers a, b, c, d, etc., 
in accordance with the signs written in front 
of them, will be equally valid whether the 
actual numbers represented by the letters are 
taken as positive or negative. For example, 
on the understanding that the letters mean 
positive numbers, it was shown that 


a—(b—c)=a—b-+c 
and this can be confirmed by putting 


a =I 
b=2 
C=3 


* According to Chrystal this important fact was 
not generally realised until about 1640. 
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Then (b—c)=2—3=—1 | 
and a—(b—c) =I— —I =I +1 =2. 
Also  a—b+c=1I —2 4+3 =2 


which confirms the statement. 
Now suppose instead that 


4=I ' 
b=2 
=== 
Then (b—c) =2——3=24+3=5 
and a—(b—c) =I—5=—4 
Also a—b+c=1I—2+ —3=I—2—3= —4 


and again the statement is confirmed. As 
an example of a case in which a single symbol 
can assume a wide range of values, positive 
or negative, take 

a=b—c 


where b can be any number from o to 100 
and where c can be the same or any other 
number from o to 100. Here a can be any 
number from —Ioo to +100. 

On the basis of this wider interpretation 
of the letter symbols, it will be necessary to 
reconsider the meaning of the “ greater 
than” and “less than ” signs. (Section 3 
(B), 1, ii, iii, iv.) When a and $ are positive 
numbers, say a=1,000 and b=1, then the 
statement a»b is quite unambiguous. But 
suppose a= —I1,000 and b=1. What is 
meant by “ greater than ” in a case like 
this? It is, of course, only a matter of 
definition and agreement, and it is generally 
agreed that the “greater than ” sign shall 
mean “more positive than ” so that now 
b5a for the given yalues. Remember that 
the wealth of a man who has one pound is 
greater than that of a man who has a debt 
of a thousand pounds. That is the sense 
in which the “ greater than ” sign is used 
algebraically. The other signs are similarly 
interpreted and need not be considered in 
detail. Ifin any case it is desired to indicate 
the relation between the actual numerical 
magnitudes of the two numbers without 
regard to sign, then this must be specifically 
stated, e.g., “asb numerically.” Some 
writers use for the same purpose the notation 

lal > [bl 
t.e., the symbol is enclosed between strokes 
to indicate that its numerical magnitude only 
is being considered. 

For the .present, 


therefore, the letter 
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symbols can be taken to mean positive or 
negative whole numbers. Further extensions 
of their possible meaning will come in their 
own time. 


(c.2.) A Physical Example of the Combination 
of Positive and Negative Numbers. 

The general meaning of algebraic addition 
will perhaps be made clearer by a physical 
example. A man starts from a point 100 
feet above sea level and goes for a long walk 
up hill and down dale, eventually coming 
back to where he started from. Dividing up 
his walk into parts where he is either keeping 
on the same level, going up, or going down, 
let cx, C2, Cs, C4, etc., completely represent the 
separate changes of level that he encounters. 
Then since his total change of level is nothing 
from start to finish 

CytCs+Cs-+c,.+c,+ etc. =0. 

It is clear that some of these numbers must 
be positive and some negative, and this is 
what is implied by the words “ completely 
represent.” If an ascent is represented by 
a positive number, then the algebraic state- 
ment is sound if a descent is represented by 
a negative number. If a,,a,, a, etc., and 
d,, da, ds, etc., be positive numbers which 
represent the actual amounts of the various 
ascents and descents, then the statement 
can be put in the form 


a,ta,+a,+etc.—d,_d,—_d,—etc.=0. 


It is just a matter of definition and agreement 
which form is used. If the first, which is in 
a sense more general, then it must be remem- 
bered that when actual numbers are put in 
place of the letters, the numbers must have 
their proper sign attached to them, according 
to whether they stand for uphill or downhill 
journeys. 

The discovery of a scientific law is often, 
perhaps always, the recognition of an analogy, 
or an essential similarity between two sets 
of ideas. If in the above example the idea 
of potential difference is substituted for 
“ change of level” and the journey round 
and back to the starting point is thought of 
as going round a closed circuit of electric 
conductors, then readers will recognise in 
the example a statement of Kirchoff’s Law 
about the sum of the potential differences in 
a closed circuit, an ascent representing a 
forward electro-motive force, and a descent 
representing a fall of potential or a back 
electro-motive force. 
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(c.3.) Understanding or “ Rule of Thumb ” ? 


Before going on to the last of the funda- 
mental rules of arithmetic, t.e., those con- 
cerned with multiplication and division, it 
will do no harm to take a short rest and a 
look round. 

So far the ascent has not been very difficult, 
though the writer will not flatter himself 
that it has been really easy. There is no 
system of ‘‘ mathematics without tears.” 
As the learned Greek replied to the king 
many centuries ago, “ There is no royal 
road.” 

This raises a question which some readers 
may already have asked themselves. Assum- 
ing that one learns the rules and abides by 
them, how far is it necessary to really under- 
stand them? (The infinitive is deliberately 
split, for emphasis.) 

Let us think of a housemaid using a 
vacuum cleaner. She knows that if this 
thing is put into that and this other thing is 
pressed down until it clicks, a humming noise 
follows and the mouth end of the long stick 
will now pick up dust from the carpet. She 
does not know what makes the humming 
noise, and even if she did she would not know 
why the motor goes round ; nevertheless, she 
can still use the long stick to pick up dust 
from the carpet. True enough, but think of 
the suppressed fear that persists even when 
familiarity has dulled the fine edge of her 
sensibilities, and think also of her helpless- 
ness when something goes wrong. 

There are of course two sides to the ques- 
tion. It is not suggested that only qualified 
engineer maids should be allowed to use 
vacuum cleaners. Translating the analogy, 
the reader need not wait until he completely 
understands the rules before making use of 
them. (If he does he will wait for ever. 
Does the engineer really know why the 
motor goes round ?) But there are several 
reasons why he should try to understand 
them as fully as possible, understanding 
being taken to mean the reduction of a 
mystery to its lowest terms. 

In the first place, understanding deepens 
the original impression and so gives the 
memory a firmer foothold. Again, under- 
standing gives confidence, real confidence, 
and not merely the absence of fear that 
follows on familiarity. Finally, using rules 
without understanding them is not treating 
the mind with proper respect. It is asking 


June, 1926 


it to be satisfied with the position and 
capabilities of a tram driver, without aspiring 
to those of the engineer who knows how to 
lay down fresh tracks and design better 
machines to run on them. 

There is one other thing to be said about 
this question of understanding the rules, and 
this introduces what has always seemed to 
the writer to be one of the most fascinating 
aspects of mathematics. Borrowing a phrase 
from the racing stables, the Rules of Mathe- 
matics are by Intuition out of Experience. 
In other words, they result from the mating 
of certain inborn habits of mind or “ modes 
of perception ’’ with sensory impressions of 
the outside world. Now many cases will 
arise where adherence to these rules will 
take the mind into a region where under- 
standing breaks down, in the sense that no 
kind of sensory impressions can be found to 
correspond to the processes of thought. 
Nevertheless, it will be found that the rules 
remain valid in passing through this region 
of darkness, for the processes can be carried 
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still further until they re-emerge into day- 
light, so to speak, and sensory impressions 
can again be found to correspond to them. 
To take an example, which the more advanced 
readers at least will be able to follow, it is 
possible by blindly following the rules to 
calculate where the tangents to a circle from 
a point inside the circle will make contact 
with the circle. Such tangents cannot be 
drawn in the ordinary sense of the word, and 
the points of contact will be “ imaginary.” 
However, continuing the process, the line 
that passes through these points can also 
be calculated, still by blindly following the 
rules, and it will be found that this is a real 
line, possessing certain useful properties with 
respect to the point inside the circle. It is 
difficult to realise the full implications of this 
process. It suggests that by means of its 
intuitions the mind can transcend the 
limitations of its environment. It is only 
in this sense that the mind should be allowed 
to be satisfied in using rules without under- 
standing them. 


(To be continued.) 


Wire Anode Resistances. 


Practical Details of Construction. 


to construct a number of non-induc- 

tive resistances of low self-capacity 
and about 50,000 ohms in magnitude suitable 
for use in the anode or grid circuit of a 
receiving valve. Since the method of con- 
struction adopted has proved very simple to 
carry out and gives a resistance of good 
electrical properties, it has been thought 
worth while to publish the folowing brief 
description. 

First the requisite number of discs are cut 
from : in. ebonite sheet, the dimensions 
being as shown in the figure. A number 
of these can be conveniently turned up to- 
gether from square or octagonal pieces held 
together between two 2 B.A. nuts on a short 
length of 2 B.A. studding as a spindle. All 
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the discs are then drilled with just clearing 
6 B.A. holes and on half of the larger 
discs the holes are countersunk on one side 
so as to bring the head of a 6 B.A. counter- 
sunk screw just flush with the surface of 
the ebonite. It is preferable to use a jig 
for the drilling and a small register mark can 
be made on each disc in case the jig is not 
quite accurate. The larger discs are then 
clamped together in a vice (care being taken 
to register the holes) and a narrow saw-cut 
is put in radialy as shown in the 
diagram. 

The formers can now be assembled by . 
putting 6 B.A. counter-sunk brass screws 
through the clearing holes, cutting them oft 
short and just burring the ends with a light 
hammer. 
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Apart from the present application, for- 
mers made as above are very suitable for the 
construction of radio-frequency transformers 
or chokes of low self-capacity. - 

For the winding of the resistances No. 47 
gauge D.S.c. Eureka wire should be used. 
This can be obtained from the London 
Electric Wire Company and is quite easy to 
handle, being surprisingly robust. It has 
a resistance of about 200 ohms per metre. 


Details of bobbin construction. 


One end of the winding is soldered on to 
the head of one of the 6 B.A. fixing screws 
and the disc is then mounted in the lathe 
on a length pf 2 B.A. studding as spindle. 
Fifty turns are wound on in a forward direc- 
tion, then a fine needle is put through the slots 
across the winding, as can be seen in the figure, 
and fifty more turns put on in the reverse 
direction, the needle serving to hold the loop 
in place. By the time the second fifty turns 
are on, the loop due to the reverse of direction 
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is securely locked in place and the needle can 
be withdrawn, re-inserted in the slots on top 
of the winding and fifty more forward turns 
put on. This process is continued until the 
desired resistance is obtained. The actual 
number of turns will, of course, depend on the 
exact thickness of the ebonite sheet and to 
some extent on the tightness of the winding. 
Probably about 1,600 turns will be required 
for a resistance of 50,000 ohms, leaving about 
4 in. clear space inside the former. The 
winding should not be put on very tightly. 

If a revolution counter is not available a 
thin thread carrying a little weight can be 
wound and unwound on the 2 B.A. studding 
spindle on which the bobbin is mounted. 

The end of the winding is taken out through 
the slot and can be soldered on to the head 
of another of the 6 B.A. fixing screws. Thin 
copper leads can be soldered to the ends of 
the screws to the heads of which the winding 
has been connected. 

For the measurement of the electrical 
constants of the finished resistances the 
writer is indebted to the courtesy of Mr. L. F. 
Hartshorn, of the National Physical Labora- 
tory. The self-capacity was found to be 
between 6 and 7ypF for resistances of just 
over 50,000 ohms. Such units will therefore 
be very satisfactory either for low-frequency 
amplification or for high-frequency amplifi- 
cation on the longer wavelengths. 

Resistances of about 50,000 ohms were 
required for the writer’s particular purpose, 
but anything up to about 100,000 ohms can 
be carried in these formers. F.M.C. 
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Long-Distance Work. 


By Hugh N. Ryan (5BV). 


T the time of writing, on account of 
A industrial troubles now happily ter- 
minated, amateur radio work, in com- 
mon with much other work, is somewhat 
curtailed, and reports of even such work as 
is in progress are not obtainable as readily 
as usual. However, quite a number of 
reports are to hand, and these, together with 
observations “' on the air ” itself, will form 
this month's article, which will necessarily 
be a short one. 

DX conditions generally are about the 
same as those prevailing at the time of 
last month's report. Work with the U.S., 
though generally easy, is somewhat spasmodic, 
and nights when their stations are not to 
be heard are fairly frequent. Work with 
Australia continues to be easier than that 
with New Zealand, while South America, 
and particularly Brazil, still provides the 
easiest field for DX. 

2SZ has not been doing a great deal of 
actual DX work recently, but has been 
Chiefly occupied with experiments on aerial 
systems, and further work on quartz oscil- 
lators. 

5BV is now in fairly regular, though not 
very frequent, operation again on 45 metres, 
with rather less power than that previously 
used. Like 5LF, he has not caught the 
prevailing “ phone fever,” which seems to 
have bitten most of the higher-powered 
stations. 

6VP is still confining himself to Io watts 
input, and has recently had a run of bad 
luck with valves, but has nevertheless got 
through to New Zealand. 

Messrs. Studley, of Harrow, who have 
for a long time been well known for their 
work in DX reception, have now a trans- 
mitting station, with the call STD. At 
present they are using very low power, but 
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have a useful range of over a thousand 
miles. 

6CI, of Coventry, has been continuing 
the tests on very low power, which I have 
previously reported, and his results suggest 
that the present low-power record-holders 
(whose name, in my experience, is Legion) 
must look to their laurels. 6CI’s power 
varies now between 0.5 and 0.75 watt, and 
his signals are regularly heard in all parts of 
Europe up to 1,000 miles. These results 
compare very favourably with those isolated 
cases of freak reception which are so often 
claimed as records. 

2KK continues to work U.S.A. regularly 
with 10 watts and a Hertz. 

5KO, though limited to a power which 
certainly does not recall the days when he 
was one of our very “ biggest noises” on 
the air, is obtaining results which in their 
turn make the old high-power stations’ work 
seem small. He has worked the Antipodes 
with a maximum of 30 watts from violently 
fluctuating mains. 

There would appear to be no country in 
which 2CC has not been heard, and very 
few with which he has not worked. He 
puts out a very strong and pleasant note, 
whose only fault is an occasional instability 
in ORH, which would be worth curing. 

Two Scottish stations, 5YG and 2VX, have 
worked Brazilian 6QA with g and 12 watts 
respectively. (60A, by the way, is the new 
call of bz7AA.) 

Belgian J2 and W2 are now working 
under the single call 25M, and should soon 
be heard with a crystal-controlled set which, 
to judge from its description, should be very 
good indeed. 

Reports for next month should be sent 
as early as possible, marked “ DX work” 
and addressed care of the Editor. 
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Abstracts and References. 


Compiled by the Radio Research Board and reproduced by arrangement with the Department 


of Scientiĥc and Industrial Research. 


R000.—WIRELESS IN GENERAL. 


Roo8.—DIGESIS OF UNITED STATES PATENTS 
RELATING TO RADIO TELEGRAPHY AND 
TELEPHONY. Issued 5th January, 1926, 
to 2nd March, 1926.—J. Brady. (Proc. 
I.R.E., April, 1926, pp. 263—270.) 


Roro.—RUSSIA—SHORT WAVE RESEARCH. (Electri- 
cal Review, gth April, 1926, p. 585.) 


For some time past experiinents with short waves 
have been in progress at the Russian Soviet Govern- 
ment Laboratory at Nishni-Novgorod, and it is 
reported that by the use of a 1,520-watt transmitter, 
devised in the laboratory, messages have been 
successfully transmitted to Chile and Porto Rico on 
wavelengths of 83, 102 and 104 metres. The 
object of the experiments is to provide a practicable 
form of communication with remote parts of 
Soviet Russia. 


Ro30.—A QUESTION OF NOMENCLATURE.—W, 
Williams. (Wireless World, 17th March, 
1926, p. 430.) 

A letter drawing attention to an error of nomen- 
clature in Dr. Smith Rose's article on “ Polarisation 
of Wireless Waves ” (Wireless World, 16th Decem- 
ber, 1925, p. 159), where the plane of polarisation 
of a plane polarised beam is made to coincide with 
the plane of the electric vector, whilst hitherto, 
throughout the field of optics and electromagnetism, 
it has been taken to coincide with that of the 
magnetic vector. 

Dr. Smith-Rose, in reply, admits his error 
according to the definition of the term “ plane of 
polarisation '' as derived from the history of 
physical optics, but points out that his use of the 
term is customary in the wireless profession. In 
anticipation of reaching some international agree- 
ment on the matter, as suggested by Mr. Williams, 
he desires to put forward two proposals for dis- 
cussion :— 


1. That the plane of polarisation should be 
referred to the electric instead of the magnetic 
vector; and 

2. That the definition of the plane of polarisa- 
tion should be altered to be the plane containing 
the electric vector. 

Reasons are given justifying these changes. 
The question is also discussed in E.W. & W.E. 
for April, 1926, pp. 201—202. 


Ro60.—CO-OPERATIVE RESEARCH IN THE UNITED 
STATES. (Circular of the Bureau of Stan- 
dards, No. 296.) 


Details are given of an admirably conceived 
plan, adopted by the Bureau, to provide a steady 
stream of trained research workers, familiar with 
the methods and resources of the Bureau, supplying 
the needs both of the Bureau and of industry. 


Rog1.—BEVOR DER DREHKONDENSATOR KAM (Be- 
fore the rotary condenser came).—O. Scheller. 
(Zeitschrift f. Hochfrequenz., 27, 3, pp. 
63—66.) 

The technique of practical measurement and its 
significance in the first years of wireless telegraphy. 


R100.—GENERAL PRINCIPLES AND THEORY. 


R112.— DISTRIBUTION OF WIRELESS WAvEs.—Dr. 
Smith-Rose. (Wireless World, 17th March, 
1920, pp. 401—405.) 
A popular article showing the dependence of 
reception upon ground conditions, and how blind 
spots in broadcast transmission are produced. 


R1i13.—UBER DIE FORTPFLANZUNG ELEKTROMAG- 
NETISCHEN WELLEN (Concerning the propa- 
gation of electromagnetic waves).—G. Ehas. 
(Zeitschr. f. Hochfrequenz., 27, 3, pp. 66—73.) 


A theory is worked out to account for the ionisa- 
tion of the upper atmosphere. It supposes a 
certain permanent ionisation produced by rays 
emitted by the sun, in addition to a temporary 
ionisation by day due to solar wave radiation. 
Simplifying these assumptions the number of ions 
is calculated. From the calculation there results 
a height of about 80 km. for the permanently 
ionised layer and 50—60 km. for the daytime 
layer—the former being far more sharply defined 
than the latter. 

Further, the electrical constants of the upper 
atmosphere are calculated and represented graphi- 
cally. 


The behaviour of the different wavelengths, by 
day as well as by night, is explained on the basis 
of these calculations, also several of the facts 
found experimentally can be accounted for. 


R113.—DIAGRAMMES DES CHAMPS ELECTRIQUES 
MESURES A MEUDON PENDANT LE TROISIÈME 
TRIMESTRE 1925 (Graphs of the electric 
fields measured at Meudon during the 
third quarter of 1925). (L'Onde Electrique, 
April, 1926, pp. 186—187.) . 

Graphs are shown of the electric field, in micro- 
volts per metre, of Bordeaux, Nantes, Rocky 
Point, Rome and Leafield, measured at Meudon 
by the method described in No. 1 of L’Onde 
Electrique, January, 1922. 


R113.1.—THE MYSTERY oF FADING.—Dr. Hall. 
(E.W.& W.E., April, 1926, pp. 211—214.) 


R113.4.—THE POLARIZATION OF RADIO WAVES.— 
G. Pickard. (Proc. I.R.E., April, 1926, 

pp. 205—212.) 
Prior measurements of wave polarisation made 
at the lower transmission frequencies have uniformly 
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shown vertical electric force at all distances from 
the transmitter. The present work extends such 
measurements to the higher frequencies, where it 
is found that the electric force at any considerable 
distance from the transmitter is no longer vertical, 
but predominantly horizontal. Comparative[meas- 
urements of radiation polarised alternately hori- 
zontally and vertically are also made, which indicate 
that the ratio of horizontal to vertical electric 
field depend only upon the frequency, distance and 
time of day, and are substantially independent of 
the plane of polarisation at the transmitter. 


R113.3.—NEwW METHOD PERTAINING TO THE 
RECEPTION OF INTERFERENCE IN THE 
RECEPTION OF WIRELESS TELEGRAPHY AND 
TELEPHONY.—H. de Bellescize. (Proc.I.R.E., 
April, 1926, pp. 249—262.) 


The usefulness of directional reception and 
resonant circuit selectivity in reducing the effect 
of atmospheric disturbances is discussed. 

Assuming that sinusoidal forces co-exist in a 
system with much larger impulses, it is shown that 
the sinusoidal forces will mot pass through systems 
having internal frictional losses under certain 
definite conditions. The analogy between mechani- 
cal frictional systems and magnetic hysteretic 
systems is utilised in devising differential circuit 
arrangements whereby strong impulses, passing 
through two opposing circuits of controllable 
hysteretic damping, are nltimately balanced out, 
whereas smaller sinusoidal currents are delivered 
at the output of the system. The application to 
radio reception is described in detail. 


R113.4:-OZONE AND THE UPPER ATMOSPHERE.— 
Prof. Armstrong. (Nature, 27th March, 
1926, p. 452.) 


A letter, referring to the discussion on the 
electrical state of the upper atmosphere at the 
Royal Society on 4th March, suggesting a way in 
which the ozone present might serve as an 
“ accumulator.” 


R113.4.—THE ELECTRICAL STATE OF THE UPPER 
ATMOSPHERE. (Nature, 27th March, 1926, 
PP. 454—456.) 

A report of the contributions by Sir Henry 
Jackson, Prof. Chapman and Dr. Eccles to the 
discussion on the upper atmosphere at the Royal 
Society on 4th March. 


R113.4.— SOME RECENT ADVANCES IN ATMOSPHERIC 
Puysics.—Prof. S. Chapman. (Nature, 
roth April, 1926, p. 537.) 
Abstract of lecture given to Royal Meteorological 
Society on 17th March. 


R113.5.—PERTURBATION MAGNÉTIQUE DU 5 MARS 
1926 ET PERTURBATIONS DES PREMIERS 
Mois DE L’ANNEE (Magnetic disturbance of 
5th March, 1926, and the disturbances of 
the first months of the year). — H. 
Deslandres. (Comptes Rendus, 22nd March, 
1920, pp. 733—735.) 
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R113.6.— POLARISATION OF RADIATION SCATTERED 
BY AN ELECTRONIC SYSTEM TO A MAGNETIC 
FIELD.—G. Breit. (Journ. Optical Soc. of 
America and R.S.I., March, 1926, pp. 
195—205.) 


R113.6.—THE REFRACTIVE INDEX OF GASES AND 
VAPOURS IN A MAGNETIC FIELD.—R. Fraser. 
(Philosophical Mag., April, 1926, pp. 885— 
890.) 


R113.8.—SUR L’ORAGE MAGNÉTIQUE DU 26 JANVIER, 
1926 (The Magnetic Storm of 26th January, 
1926).—C. Maurain and L. Eblé. (Comptes 
Rendus, 1st February, 1926, p. 328.) 


Account of the variations of the magnetic 
elements recorded at Val-Joyeux Observatory on 
26th January. i 


R.113.8.—ATMOSPHERIC OZONE AND TERRESTRIAL 
MAGNETISM.—Dr. Chree. (Proc. Roy. Soc.. 


April, 1926, pp. 693—699.) 


R113.8.—MEASUREMENTS OF THE AMOUNT OF OZONE 
IN THE EARTH’S ATMOSPHERE AND ITS 
RELATION TO OTHER GEOPHYSICAL CoN- 
DITIONS.—Dr. Dobson and Dr. Harrison. 
(Proc. Roy. Soc., April, 1926, pp. 660—693.) 


R114.—THE DIRECTIONAL RECORDING OF ATMOS- 
PHERICS.—R. A,Watson Watt. (E.W.G6W.E., 
April, 1926, pp. 234—238.) 


R114.—LIGHTNING.—Dr. Dorsey. (Journ. Franklin 
Inst., April, 1926, pp. 485—496.) 

As here pictured, a lightning stroke starts with 
the initiation of a powerful electronic dart, and 
has a definite direction, that of the advance of the 
dart, and involves three distinct phenomena :— 

1. Flying electrons ionise the air and produce 
certain characteristic effects where they strike. 

2. Laggard electrons combine with the positive 
residues, giving rise to the flash. 

3. A current results from the migration of the 
ions under the action of the field. 

This current may be very great, but it is merely 
an incident of the flight of the electronic dart, is 
subsequent to that, and, relatively to the dart, is 
exceedingly sluggish. Whatever its direction, the 
stroke is not a result of the cloud discharging to 
earth; the charge of the cloud does not pour into 
and along the flash, although ultimately the cloud 
does become partially discharged by the electrons or 
ions which have been freed by the dart. This 
discharge may involve relatively little motion of 
the charged particles initially resident in the 
cloud. 


R120.—SPACE CHARACTERISTICS OF ANTENNE.— 
W. Murphy. (Journ. Franklin Institute, 
April, 1926, pp. 411—429.) 

A study is made of the actual radiated fields 
in space at unit distance by resolving the true 
fields into three imaginary components: A vertical 
component, a horizontal component in the direc- 
tional plane of wave propagation, and a horizontal 
component perpendicular to this plane of propaga- 
tion. This is done for special cases, such as for 
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vertical and horizontal loops and antenne, and 
from these cases general formule are evolved for 
inclined loops and antennz. In addition to this, 
the component fields due to loops and antennae 
are added and resultant formule derived there- 
from. The method of expressing the angle of the 
fields with respect to certain axes of reference, in 
other words, the polarisation of the field at any 
point in space is discussed, and formule derived 
tor certain specific antenne. 


R127.—PRAKTISCHE BERECHNUNGSMETHODEN VON 
ANTENNENKAPAZITATEN (Practical methods 
of calculating antenna capacity).—J. Pusch. 
(Zeitschr. f. Hochfrequenz., 27, 2, pp. 47—50). 


The capacity of all forms of antenna, not too 
complicated in their composition, can be calculated 
to a good degree of accuracy by the method given 
by Howe (Wireless World, Dec., 1914, Jan., 1915, 
Sept., 1918, etc.). For many cases in practice, how- 
ever, such a calculation is too intricate and would 
take too long. Accordingly, formule and methods 
_ of calculation are given here, making it possible to 
reckon antenna capacity simply and rapidly, with 
sufficient accuracy for many purposes. 


The article is arranged in five sections :— 


1. Calculation from the capacity of one wire 
and the number of wires. 

2. Calculation from the antenna surface. 

3. Calculation from the apparent surface of 
the antenna. 

4. Increasing the capacity due to use of iron 
masts. 

5. Choice of the number of wires. 


R130.—EXPERIMENTAL STUDY OF INPUT AD- 
MITTANCE OF TRIODE VALVE AT RaDIo 
FREQUENCY AND THE METHOD OF 
RADIO - FREQUENCY VALVE CONSTANTS 
MEASUREMENT.—Yasusi Watanabe. (Journ. 
Inst. Elect. Engineers of Japan, March, 
1926, pp. 299—310.) 

This method, which claims to be new, consists 
in determining the variation of input admittance, 
which depends upon the valve constants. . 

In a previous paper by the author, Input 
Admittance of Triode Valve, the conclusion is 
drawn that the circle diagram of the input admit- 
tance depends upon the circuital constants as well 
as the valve constants. Consequently the valve 
constants can be determined from any measured 
results corresponding to the circle diagram. Some 
examples of detetminations made at a frequency 
of 100,000 cycles per second are given, and it is 
concluded that the valve constants are literally 
constant and independent of the frequency, within 
the range of the author’s experiments. 

Some experimental results are also given with 
respect to the input admittance at radio-frequency. 

A simple bridge method of determining the 
constants at radio-frequency was treated in the 
journal Denki-Hyoron, January, 1926. 


R132.—AMPLIFIER PERFORMANCES.—H. Thomas. 
(Electrician, gth April, 1926, pp. 410, 411 
and 415.) 
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Abstract of a paper read before the Institution 
of Electrical Engineers. 

A method of determining voltage amplification 
is given in detail and the effect of the amplifier 
on input circuits is analysed. Among the con- 
clusions drawn from the experiments described 
are :— 


1. The effect of increasing output is to modify 
the wave-form seriously. In general, the har- 
monics increase in magnitude far more rapidly 
than the fundamental. 

2. As the frequency is lowered, the distortion 
becomes much more pronounced. 

3. The etfect of negative grid bias is to reduce 
the magnitude of the second and third harmonics 
and to introduce small harmonics of a higher 
order. 

4. The form factor remains sensibly constant 
under most conditions. 


R132.—UBER DIE KONSTRUKTION VON ARBEITS- 
KENNLINIEN BEI VERSTARKERN MIT WIDER- 


STANDSKOPPLUNG (The construction of 
working characteristics in the case of 
Amplifiers with Resistance coupling).— 


M. von Ardenne. (Zeitschrift f. Hochfrequens., 
27, 2, pp. 50—51.) 

In supplement to the paper on resistance ampli- 
fiers (M. von Ardenne and H. Heinert, Zeitschrift 
f. Hochfrequenz., 26, 52, 1925) data are given for 
the construction of working characteristics from a 
characteristic with constant anode voltage. 


R133.—OSCILLATION WITHOUT REACTION.—Dr. 
Kroncke. (Wireless World, 24th March, 
1926, pp. 467—468.) 
Account of an effect produced by the emission 
of secondary electrons in the valve. 


R1r35.—LE RADIOMODULATEUR BIGRILLE (The 
four-electrode valve as a modulator).— 
J. de Mare. (L’Onde Electrique, April, 1926 
pp. 150—180.) 

Lecture given before the Société des Amis de la 
T.S.F. on 12th November, 1925. 

After considering generally reception by change 
of frequency, the characteristics of the four- 
electrode valve and its employment to produce a 
frequency changer by modulation are described. 

Following the lecture there was a long discussion 
iB which MM. Lévy, Barthélemy, and de Bellescize 
took part. 

M. Lévy considered that the four-electrode 
modulator contains no new principle and the 
frequency change effected is brought about in 
exactly the same way as in the superheterodyne. 
He observed that this circuit arrangement has 
already been described some time ago—in June, 
1924—in E.W. 6 W.E., by M. Williams, and that 
this latter gave it the name of superheterodyne. 

M. Barthelemy, on the contrary, is of the Opinion 
that an essential difference exists between the 
working of the four-electrode valve and that of 
the superheterodyne ; the second grid should play 
a modulating part very ditterent from that of 
detection which, according to him, would be one 
of the characteristics of the superheterodyne. 
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R135.009.—DIE GITTERGLEICHSTROM-MODULATION 
DES SELBSTEMGTEN ROHRENSENDERS (Grid 
current modulation of the self-excited valve 
transmitter) —G. Lubszynski. (Zeitschr. f. 
Hochfrequenz., 27, 2, pp. 33—46.) 


A detailed description of experimental investiga- 
tions carried out in the Telefunken firm's physical 
laboratory during 1924. 

The great number of ways of modulating the 
oscillations of a valve transmitter can be divided 
into two principal groups—those in which the high- 
frequency is modulated before amplification (at 
the grid), and those where modulation takes place 
after amplification (at the anode). Since the 
tendency always is towards controlling the trans- 
mitter with the least possible energy, grid methods 
have claimed increasing attention. It has been 
found, however, that when the low frequency is 
brought through a transformer directly to the grid 
of the transmitting valve, the oscillations com- 
pletely break down as soon as the low frequency 
control exceeds a certain value (this phenomenon 
is described by Manz and Zenneck in the Jahrbuck, 
19, p. 262, 1922). This instability of the oscillation 
conditions, caused by the oscillations ceasing 
below a certain amplitude, has been overcome by a 
combination of resistance and capacity in the grid 
circuit. Here the actual modulation is produced by 
altering the direct current grid resistance—which 
is then replaced by a valve. The phenomena 
occurring in this circuit are investigated in this 
article, the results being represented by means of 
curves. 


R138.—UBER DIE BESTIMMUNG DER GLUHFADEN- 
TEMPERATUR IN ELEKTRONENROHREN (The 
determination of the temperature of the 
incandescent filament in valves)—H. G. 
Moller and F. Detels. (Zeitschrift f. Hoch- 
frequenz., 27, 3, pp. 74—81.) 

Four methods for determining the temperature 
are available :— 


1. By optical means, using a pyrometer or by 
photograph. 

2. By means of a thermo-couple. 

3. Finding the resistance increase of the 
filament. 

4. A new method consisting in measuring the 
Maxwellian distribution of velocity of the 
electrons leaving the filament. 


So long as Maxwell’s law of distribution can be 
taken to hold good for electrons close to the filament 
surface, this method must yield exact values. In 
this article the sources of error of this new method 
are discussed and the working conditions deduced 
for obtaining reliable temperature determinations. 


R140.—ENTRETIEN D'UNE OSCILLATION LIBRE NON 
SINUSOIDALE PAR RESONANCE DE L'UN DE 
SES HARMONIQUES (Maintenance of a free 
non-sinusoidal oscillation by resonance 
with one of its harmonics).—J. Fallon and 
A. Manduit. (Comptes Rendus, ist February, 

1926, pp. 312—313.) 
An experiment is described which shows how the 
transitory voltage across the condenser of a circuit, 
containing resistance, self-inductance, capacity and 
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alternating supply, when the circuit is closed (due 
to the free oscillation of the system with pulsation 


equalling approx. i and which ordinarily 


C 
becomes negligible at the end of a certain time 
determined by the exponential factor) can be 
wholly maintained if the pulsation of one of its 
harmonics coincides with that of the source. 

It is also shown how the principle can be utilised 
to obtain a ferromagnetic frequency demultiplier. 


R142.3.—BEDINGUNG FUR MAXIMALE ENER- 
GIEUBERTRAGUNG IN INDUKTIV GEKOPPELTEN 
KREISEN (The condition for maximum 
transference of energy in inductively coupled 
circuits).— J. Kammerloher. (Zeitschrift f. 
Hochfrequenz., 27th March, 1926, pp. 81—86.) 


In this article the required condition for maxi- 
mum transference of energy for the two oscillatory 
circuits, represented above, tuned to the same 
frequency, is found to be— 


M=1/w VR,.R, 
where R,’, the resistance of circuit I, 


L 
= R ralo 
i+ eC, 
and R,’, the resistance of circuit Il., 


v 
PILOJ 


A similar condition also results for the coupling 
factor x for which the energy of circuit II. becomes 
a maximum, namely— 


2=1|nNĉ, .ĉ.” 


a s R, I ) 
=| LE —— ] 7 
Ŝi ĈE + wC 
represents the damping decrement of circuit I. and 


8, =( 5» +e)" 


where 


that of circuit IT. 

The damping resistance in circuit I. always 
increases under the preceding condition to the 
double value. For the case when circuit I. is not 
tuned, the apparent resistance of circuit I. must be 
substituted for the damping resistance in the 
equation for M. 


R144.—EFFECTIVE RESISTANCE OF INDUCTANCE 
Coits AT RADIO FREQUENCY. PART I.— 
S. Butterworth. (E.W. & W.E.) April, 
1926, pp. 203—210.) 
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R.145.—ON THE ACTION OF PARALLEL PLATE 


CONDENSERS UNDER EXCEEDINGLY HIGH 
FREQUENCY.—T. Hoashi. (Journ. Inst. 
Elect. Engineers of Japan, March, 1926, 
pp. 311—318.) 

A mathematical investigation from which the 
conclusion is drawn that the equivalent capacitance 
at exceedingly high frequencies is independent of 
its specific capacitance at low frequencies and 
inversely proportional to the specific resistance of 
the condenser plates and the impressed frequency. 

For ordinary condensers there is no need to 
consider such a frequency effect on the capacitance 
unless the frequency is as high as some hundred 
million cycles per second. 


R145.5.—PoOwWER Loss IN CONDENSERS.—L. Harts- 
horn. (E.W. & W.E., April, 1926, pp. 225— 
233.) 


R148.—SCHNELLTELEGRAPHIE MIT STEUERDROSSEL 
(High-speed telegraphy with choke control). 
—W. Fischer and L. Pungs. (Zeitschrift f. 
Hochfrequenz., 27, 2, 1926, pp. 51—54.) 
Choke coils magnetised by direct current are 
frequently used to-day to modulate high-frequency 
currents. For a high-frequency circuit, a choke 
coil with an iron core represents a high ohmic 
resistance, owing to the large hysteresis and eddy 
current losses, as well as inductive resistance. If, 
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Fig. 2a. 
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Fig. 20. 


by means of an auxiliary winding carrying direct 
current, the iron core is previously strongly mag- 
netised, so that the induction comes far over the 
bend of the curve of magnetisation of the iron, no 
substantial variation of current occurs when a 
high-frequency magnetisation, whose amplitude 
remains considerably smaller than the direct 
current magnetisation, is superimposed. Conse- 
quently the inductive resistance of the choke is 
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scarcely larger than would be that of the coil without 
the iron core, t.e., through previous magnetisation 
the iron is made magnetically ineffective. At the 
same time the hysteresis and eddy current losses of 
the iron drop to a small fraction of the unsaturated 
values, so that when the coil has been previously 
magnetised, it no longer represents any considerable 


loss resistance for the high-frequency circuit. This 
OFF ON „Vo sec. 
(3) 
——— 


oo sec. 


(4) 


ibo sec 


(5) 


Figs. 3, 4 and 5. 


fact is utilised to control the high-frequency current 
in such a manner that the coil is provided with a 
modulating winding separate from the high- 
frequency winding, the direct current supply of 
this control winding is keyed in the usual way, and 
thus the resistance of the choke, which is thereby 
altered, modulates the current in the high-frequency 
circuit. On closing the key the current does not 
reach its final value at once „but only gradually, 
after an interval of time depending upon the time 
constant. Similarly when the circuit is broken, 
the current does not stop immediately, but there is 
a transient arc. Thus both beginning and end of 
the signs are distorted, while the form of the 
signs should be as rectangular as possible if the 
receiving apparatus is to work properly. To 
suppress the arc at break, a quenching circuit can 
be inserted to ensure that the current decreases 
according to a definite time function, as seen 


in Fig. 2a", where the H.F. circuit and 
choke winding are omitted for the sake of 
clearness. This circuit, however, has a time con- 


stant large compared with the duration of contact, 
so that it distorts the rectangular form, as shown 
by oscillograms obtained in a laboratory experiment 
Which are produced in Figs. 3, 4 and 5. 

In Fig. 4 the quenching circuit is omitted. The 
only way of improving the shape of the wave 
form is to diminish the time constant (L/R). To 
decrease L by reducing the number of turns the 
current must increase beyond an admissible amount 


* Note the authors’ figure numbers are retained 
unchanged. 
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to keep the requisite number of ampere-turns. 
Accordingly, therefore, R must be increased. This 
is attained by means of the circuit arrangement 
shown in Fig. 2b. 

Here the grid bias of a valve whose anode circuit 

contains the modulating winding is keyed. With 
the kev open there is a small negative voltage on 
the grid completely suppressing the anode current. 
If now through the key a positive voltage is applied 
to the grid, an anode current flows whose value is 
determined by the resistances of the anode circuit, 
t.e., the internal resistance of the valve, and the 
ohmic and inductive resistance of the control 
winding. 
7 From a consideration of the valve characteristics 
it is shown that the time constant is nearly 20 
times smaller than previously, and sufticiently 
small compared with the duration of the signal 
for all practical purposes. Figs. 6 and 7 show 
oscillograms taken with the circuit arrangement 
2b—and corresponding to a telegraphic speed of 
QgOO—I,200 letters per minute. 


(6) 


Figs. 6 and 7. 


There is a further advantage in this shortening 
of the period of make and break. The character- 
istic of the control coil, t.e., the value of the H.F. 
current plotted as a function of the modulating 
current, no longer plays any practical part and can 
have any shape. The modulation of the high- 
frequency current will still be approximately 
rectangular, since the time occupied by make and 
break, in which this dependence of the one current 
upon the other alone appears, has become imper- 
ceptibly short. During the whole time that the 
sign lasts, the full H.F. current is flowing so that 
advantage is taken of the entire energy during the 
sign period. 

As regards the practical applications of the 
device, it is mentioned, for example, that it solves 
the problem of high-speed telegraphy with the 
Poulson transmitter without employing a tuning 
wave, 2.e., keving up to the zero value of the aerial 
current, so that with Siemens' rapid telegraphing a 
speed of 800 letters can be reached. 


Rt6o.—NOTES ON WIRELESS MATTERS.—L. B. 
Turner. (Electrician, gth April, 1926, pp. 
408—409). | 

A review of the conditions which must obtain 
within the broadcast receiver for good quality 
reception, with particular reference to the high- 
frequency and rectifier circuits. 
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RI60.—SUR LA DETECTION (Concerning detec- 
tion).—H. Pélabon. (L'Onde Electrique, 
April, 1926, pp. 141—149.) 

The works of Mile. Collet and M. Cayrel point 
to the conclusion that, in galena detection, the 
sulphur situated at the surface of the substance 
must play the fundamental part. The author 
effects detection by directly depositing some 
sulphur upon the metals, and then shows that all 
metalloids behave like sulphur, and finally that 
all insulating dielectrics can be employed. He is 
led to show that detection is produced in reality 
by the atmosphere and that the non-conducting 
granules play the double part of keeping constant 
the distance separating the two conductors and of 
decoherers. 


R200.—MEASUREMENTS AND STANDARDS. 


R210.—A METHOD OF CALIBRATING A Low- 
FREQUENCY GENERATOR WITH A ONE- 
FREQUENCY SOURCE.—S. Harris. (Proc. 
I.R.E., April, 1926, pp. 213—216.) 


Description of a simple method of calibrating 
an audio-frequency generator, a standard single- 
frequency source of oscillation being employed. 
The method makes use of the harmonics of the 
standard source and of the generator being cali- 
brated. A diagram of the circuit arrangement is 


shown below. 
GENERATOR 


Ko a 


MICROAMMETER 


The outputs of the generator and tuning-fork 
are combined in the transformer indicated, the 
secondary of which forms part of a circuit indicating 
the presence of beats. 


R223.—THE SO-CALLED DIELECTRIC CONSTANT.— 
S. W. Richardson. (Nature, roth April, 


1926, p. 515.) 


R230.—INDUCTANCE COILS QUANTITATIVELY COM- 
PARED.—A. Sowerby. (E.W.& W.E., April, 
1926, pp. 220—222.) 


R240.—DETECTION OF SMALL CHANGES IN RESIST- 
ANCE, INDUCTANCE AND CaPACITY BY MEANS 
OF AN OSCILLATING CIRCUIT.—L. Taylor. 
(Journ, Optical Soc. of America & R.S.I., 
February, 1926, pp. 149—158.) 
Discussion of a device consisting essentially of 
a Colpitt’s oscillating circuit of carefully selected 
constants. 
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R251.2.—A RELIABLE THERMO - CONVERTER. — 
Dr. Moll. (Journ. Scien. Instruments, April, 
1926, pp. 209—210.) 

Description of apparatus for transforming 
alternating into direct current by means of the 
thermo electric effect. In combination with a good 
milli-voltmeter it forms an instrument of high 
precision for alternating current measurements. 


R260.—MESSUNGEN DES SPANNUNGSABFALLES AU 
HOCHSPANNUNGS-ELEKTRONEN-ROHREN SOWIE 
AU EINER EINRICHTUNG ZUR BEEINFLUSSING 
DESSELBEN (Measurements of the voltage 
drop in extra-high voltage valves and a 
means of influencing the same).—Max 
Wellauer. (Archiv. f. Elektrotechnik, Oth 
April, 1926, pp. 13—27.) 

The voltage drop in high-frequency valves is 
generally taken to be small in comparison with 
the rectified voltage and not dependent upon it. 
Likewise it can be considered as independent of 
the value of the anode current so long as this 
remains below the saturation value. In this 
article an account is given of abnormal behaviour 
of the voltage drop, observed during experiments 
on insulating materials with valve rectified current, 
and the attempts made to investigate it. The 
experiments were carried out in the physical 
laboratory of the Verlikon machine factory and the 
principal conclusion drawn from the experiments 
is that under certain circumstances screening the 
valves electrostatically improves the efficiency. 


R261.—A VALVE VOLTMETER WITH SELF-CONTAINED 
BATTERIES.—C. R. Cosens. (Journ. Scien. 
Instruments, March, 1926, pp. 181—187.) 


Description of a grid-type of triode voltmeter, 
with self-contained batteries, so that it is easily 
portable. 


R281.—ISOLANTITE.—A. Lescarboura and R. Kruse. 
(Q.S.T., April, 1926, pp. 14—10.) 

An account of this insulating material, which is 
said to be twice as hard as glass, tougher than cast 
iron, completely moisture proof, electrically excel- 
lent, and capable of being machined accurately. 


R283.—LEGIERUNGEN MIT BESENDEREN MAGNE- 
TISCHEN EIGENSCHAFTEN (Alloys with par- 
ticular magnetic properties).—H. Freese. 
(Zeitschrift f. Hochfrequenz., 27, 3, pp. 86 
—97.) 

The employment of ferromagnetic material for 
frequency changers and control and modulation 
chokes has directed the attention of high-frequency 
technique to the metal alloys, with special magnetic 
properties, which have become known in recent 
years. Since the literature on these alloys is very 
scattered and often difhcult of access, the results 
of the most important works on the subject are 
brought together in this article. Detailed informa- 
tion is given of the Heusler alloys and those of the 
iron groups, with numerous graphs, and a biblio- 
graphy of the subject is appended. 
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R300.—APPARATUS AND EQUIPMENT. 


R321.9.—SLEET REMOVAL FROM ANTENN2.—J. H. 
Shannon. (Proc. I.R.E., April, 1926, pp. 
IŜI—I95.) 

A method is described for automatically releasing 
the antenna wires in case of excessive sleet load, 
for if the wires should break under a heavy coating 
of ice, serious damage to the self-supporting towers 
would result, due to the unbalanced load. A 
description is also given of a new type of suspension 
condenser developed to prevent the low frequency 
energy going to the ground, and thus making it 
possible to melt sleet from the individual antenna 
wires of the multiple-tuned antenna without the 
use and inconvenience of complicated switching at 
each ground point. The mechanical as well as 
the electrical design of this condenser is said to 
be unique. 


RADIO VALVES. 
1926, pp. 


R331.—THE MANUFACTURE OF 
(Electrical Review, 23rd April, 
648—650.) 

Some impressions of a visit to the Mullard Co.’s 
thermionic valve factory. i 
R331.1.—METALS FOR Rapio.—H. Seymour. (Elec- 

trician, gth April, 1926, p. 409.) 

An account of the properties of tantalum and 
molybdenum which render these metals valuable 
in vacuum tube construction. 


R340.—BROADCAST RECEPTION WITH FOUR-ELEC- 
TRODE VALVES.—F. L. Devereux. (Wireless 
World, 7th April, 1926, pp. 512—516.) 


Description of the use of four-electrode valves 
which, when suitably connected, require a maxi- 
mum H.T. voltage of only 15 volts, making possible 
the employment of a small accumulator H.T. 
battery as anode supply. 


R342.—PEAKED AUDIO AMPLIFIERS.—R. Kruse. 
(Q.S.T., April, 1926, pp. 29—32.) 
Account of the development of an audio amplifier 
having a peaked curve of amplification against 
frequency, suitable for amateur short-wave C.W. 


work. 


R343—UN RÉCEPTEUR NEUTRODYNE ETUIDE 

POUR LA GAMME DE 200 A 3,000 METRES 

(A neutrodyne receiver for the range between 

200 and 3,000 metres).—L. Berthet. (Radio- 

électricité, 10th March, .1926, pp. go—g2.) 

An illustrated description of this receiver with 

which it is claimed nearly all the European broad- 
casting stations can be received. 


R343.—THE SHIELDED NEUTRODYNE RECEIVER.— 
J. Dreyer, Jr., and R. Manson. (Proc. I.R.E., 
April, 1926, pp. 217—247.) 
An exhaustive account of this device, including a 
brief historical outline of its development, with 
23 figures. 


R343.—SELECTIVE RECEPTION. 
April, 1926, p. 415.) 
A brief account, of the Marconi Type RGoA 


(Electrician, gth 
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receiver which, it is claimed, can be regarded as the 
most selective and sensitive receiver of its class 
yet designed. Owing to the tuning circuits being 
screened against any alien inductive action, it is 
very suitable for simplex and duplex telegraph or 
telephone working in either ship or shore stations. 


R344.3.—THE USE OF SMALL RECEIVING VALVES FOR 
TRANSMITTING.—A. Wood. (EW.6 W.E., 
April, 1926, pp. 223—224.) 


R344.8.—THE WAVE FORM OF THE CURRENT IN AN 
ELECTRICALLY MAINTAINED TUNING-FORK 
CIRCUIT.—V. H. SEARLE. (Philosophical 


Mag., April, 1926, pp. 738—747.) 


In view of the frequent use which is made of the 
electrically maintained tuning-fork as a standard 
of frequency, an investigation is made of the form 
of the current flowing through such a circuit and 
of the purely electrical factors which exert influence 
on the current form. 


R350.—ELEKTRISCHE WELLEN IM GEBIETE DES 
AUSSEREN ULTRAROT (Electric wavesin the 
region of the extreme infra red).—M. 
Lewitsky. (Physikalische Zeitschrift, 15th 
March, 1926, pp. 177—182.) 


Two systems of oscillators are described, each 
consisting of very small pieces of molybdenum 
wire .2 mm. thick, but in one the length of the 
individual oscillators varied from .1 to .4 mm., 
while in the other all the oscillators were of the 
same length—.1 mm. The little oscillators were 
fixed to a glass plate in a layer of Canada balsam 
In parallel rows as near together as possible. Several 
rows were necessary in order to obtain a sufficiently 
strong radiation. The oscillators were excited by 
an induction coil through a transformer with a 
secondary having as many coils as there were rows. 
A separate source of voltage for each row was 
necessary to secure the voltage in each being the 
same and a spark passing in all the rows, since it 
was impossible to make the length of the spark-gap 
exactly equal in every row. Failing this adjust- 
ment, a spark would pass only in the row with the 
least resistance. 

The length of the wave radiated by the oscillators 
was measured with both plane and concave dif- 
fraction gratings. The maxima were observed 
with a thermo element—which had to be very 
sensitive on account of the extreme weakness of 
the radiation. Wavelengths ranging from 30 to 
9I5u were found with the first system and from 
34 to 475u with the second system. 

It is stated that, owing to the minute energy 
of the oscillations, a far more powerful source of 
these short waves would have to be discovered in 
order to investigate their properties and laws of 
Tadiation. 


R376.3.—AN ELECTROSTATIC LOUD-SPEAKER.—Dr. 
Kroncke. (Wireless World, 17th March, 


1920, pp. 397—398.) 
Details are given of an electrostatic loud-speaker 
in use in Germany. 
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R400.—SYSTEMS OF WORKING. 


R410.—SINGLE SIDE-BAND TRANSMISSION.—E. K. 
Sandeman. (Wireless World, 31st March, 
1926, pp. 487—489; 7th April, 1926, pp. 
529—532.) 


After reviewing the principles of ordinary 
telephony transmission, the nature of the wave 
transmitted from Rugby is explained, and technical 
details are given of the system used in transatlantic 
telephony. 


R420.—ON THE WIRELESS BEAM oF SHORT ELEC- 
TRIC Waves (I.).—S. Uda. (Journ. Inst. 
Elect. Engineers of Japan, March, 1926, 
pp. 273—282.) 

The electric intensities of the field due to the 
oscillator itself (without antennæ and reflectors) 
are first observed in various directions around it. 
Here the plate and grid coils in the oscillation 
circuit form the radiators of short radio waves. 
The distribution of electric field intensities in the 
horizontal plane containing the oscillator is not 
uniform in all directions, the maximum values of 
their vertical components being in the directions 
of the plane of the plate and grid coils, while in 
these directions the horizontal component is 
negligibly small and vice versa for directions 
normal to the plane of the coils. 

Polar diagrams are given of the effect upon the 
field intensities and distribution of placing an 
antenna, consisting of a brass rod in various 
positions near the oscillator. The results of trying 
to obtain a unidirectional field with three rod 
antennæ are also shown. 


R421.—THE Lorenz HIGH FREQUENCY SYSTEM 
FOR RADIO TRANSMISSION.—-F. Gilard. 
E.W.& W.E., April, 1926, pp. 215—219.) 


R430.—LE SECRET EN RADIOTELEGRAPHIE (Secrecy 
in Radiotelegraphy). — Général Cartier. 
(Radioelectricité, roth March, 1926, pp. 
84—89.) 

An illustrated account of an improvement of 
the Damm system, which was described in Radio- 

electricité for IOth January, 1926, pp. 6—10. 


R440.—UNE STATION RADIOELECTRIQUE ComM- 
MANDEE A DISTANCE PAR UNE LIGNE 
TELEPHONIQUE (A radio station controlled 
from a distance by a telephone line) — 
L. Chauveau. (Radioelectricite, 25th March, 
1926, pp. IOI—IO7.) 


An illustrated description of the way in which 
the radio station at Saint-Cyr is controlled from 
Villacoublay. 


R500.—APPLICATIONS AND USES. 


R510-—LA T.S.F. DANS LES REGIONS POLAIRES 
(Wireless Telegraphy in the Polar Regions). 
—W. Sanders. (Radzoelectricit', 25th March, 
1926, pp. 108—109). 


An account of the services rendered by radio on 
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the expedition of the “ Pourquoi Pas'' to the 
Arctic Seas last summer, a report of which has 
just been published by Commandant Charcot. 


R530.—TELEPHONINGON TRAINS. (Wireless World, 
7th April, 1926, pp. 517—519.) 

Illustrated account of new wireless telephony 

equipment now working on the German railways. 


R530.—LONG WAVES FOR TRANSATLANTIC TELE- 
PHONY. (Wireless World, 17th March, 1926, 
Pp. 411—412.) 

Account of an interview with M. Marius Latmer, 
in which he expresses his belief that long waves, 
rather than short, will be used for transatlantic 
wireless telephony. 


R540.—SHORT WAVES IN IRAQ.—Capt. Durrant. 
(Wireless World, 7th April, 1926, p. 528.) 


R557.—BROADCASTING IN RUSSIA. 
Review, 16th April, 1926, p. 623.) 


There are six broadcasting stations of 2,000 
watts under construction, and one of 50,000 watts, 
with five stations in Moscow, where the public 
reading rooms are equipped with receivers and loud- 
speakers. It is estimated that over 20,000 Russians 
in Moscow alone have managed to build and operate 
their own sets without the knowledge of the 
authorities. Broadcasting in Russia is under the 
control of the Commissariat of Posts and Telegraphs. 


(Electrical 


R557.—BROADCASTING IN AUSTRALIA. 
Review, 16th April, 1926, p. 623.) 


Australia has at present ten broadcasting stations 
situated in or near large towns. Two of these, the 
Sydney station and that of Perth, are rated at 
5 kilowatts and work on wavelengths of 1,100 and 
1,250 metres respectively. The remainder, with 
the exception of 3LO, the Melbourne station, which 
is rated at 5 kilowatts, are medium or low-power 
stations. All of them work on wavelengths 
between 300 and 500 metres. One, Brisbane, which 
is rated at 3,750 watts, and works on a wavelength 
of 385 metres, is conducted by the Government ; 
the Post Office has placed telephone lines at the 
companies’ disposal for simultaneous broadcasting. 

The revenue from licence fees is divided amongst 
the broadcasting companies, a larger proportion 
being paid to those which operate high-power 
stations. The area allotted to each company is 
divided into zones, and the amount of the licence 
fee depends upon the zone in which the listener 
lives. At presént, those whose homes are within 
a radius of 250 miles of a broadcasting station 
pay 35s. for the first year and 27s. od. a year 
afterwards. 


(Electrical 


R565.—RECENT ADVANCES IN MARINE RADIO Com- 
MUNICATION.—T. M. Stevens. (Proc. I.R.E., 
April, 1926, pp. 197—204.) 

The development and use of vacuum tube 
apparatus by commercial and Government stations 
has not only doubled the range of marine com- 
munications, but has also made it possible to 
Carry on a more extensive service with a far smaller 
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number of corresponding stations on shore. Dis- 
continuance of the use of spark apparatus at 
coast stations, and to a large extent on shipboard, 
has almost totally eliminated the interference 
formerly experienced. 


R582.—TRANSMISSION AND RECEPTION OF PHOTO- 
RADIOGRAMS.—R. Ranger. (Proc. I.R.E., 
April, 1926, pp. 161—180.) 

A survey of the development of the art of electric 
picture transmission from its inception in 1842 to 
the present day. 

The basic elements of all picture transmission 
systems are shown to consist of synchronously 
covering a surface, point by point, at both trans- 
mitter and receiver, and electrically identifying 
point values at the receiver so that any integral 
section of the received copy will have the same 
relative tonal value as the identical integral section 
on the transmitting surface. 

A recent development by the Radio Corporation 
of America, known as the “ photoradiogram ” 
system, is described at length. This is a picture 
shorthand method, evolved from the standpoint 
of economy, and claimed to have considerable 
possibilities commercially, in particular for the 
newspaper service, and the transmission of words 
either printed, typewritten or handwritten. 


R600.—STATIONS : DESIGN, OPERATION AND 

| MANAGEMENT. 

R611.—THE RUGBY WIRELESS STATION. —Dr. W.H. 
Eccles. (Nature, 17th April, 1926, pp. 
557—558.) 


Description of the most powerful wireless station 
in the world, designed by the Wireless Telegraphy 
Commission, and erected by the Wireless Section 
of the Engineering Department of the Post Office. 

The station abounds with novel features, to 
mention only the form of the antenna, which 
consists merely of one conductor running round 
the circumference of the site, and the means of 
supplying it with oscillatory current—a valve- 
maintained tuning-fork. 


R015.57.—AMERICA's NEW HIGH-POWER BROAD- 
CASTING STATION.—A. Dinsdale. (Wireless 
World, 31st March, 1926, pp. 495—497.) 


A description of the station at Bound Brook, 
N.J., giving particulars and photographs of the 
plant. 


R625.—INTERNATIONAL RADIO TELEGRAPHY. (Elec- 
trical Review, 16th April, 1926, p. 623.) 

Representatives of the principal wireless tele- 
graph companies interested in international radio 
communication met recently at Monte Carlo. The 
chief aim of the conference is to prepare for the 
opening up, within a short period, of wireless 
communication between Brazil and other countries. 
The powerful station at Rio de Janeiro is nearing 
completion, and satisfactory trials have already 
been made; 21st April has been fixed as the date 
on which direct wireless services between Brazil 
and the United States, France, Great Britain, 
Germany and Italy will be inaugurated. The Rio 
de Janeiro station has twelve pylons 200 metres 
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high and a power of 500 kw. Transmission on short 
wave will be employed as well as on the long wave, 
„which has already been tested. 


R800.—NON-WIRELESS SUBJECTS. 
R539.—On ENTROPY OF RADIATION II.—M. Saha 
and R. Sur. (Philosophical Magazine, April, 
1926, pp. 890—893.) 
A mathematical note. 


R.539—DIE GRUNDGESETZE DER ELEKTRISCHEN 
AND MAGNETISCHEN ERREGUNG VON STAND- 
PUNKTE DER QUANTENTHEORIE (The funda- 
mental laws of electric and magnetic 
excitation from the standpoint of the 


quantum theory) ——P. Debyi. (Physt- 
kalische Zeitschrift, 18th February, 1926, 
pp. 67—74.) 


A mathematical discussion. 
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621.374.3.— SOME APPLICATIONS OF THE A.C. 
POTENTIOMETER.—T. Spooner. (Journ. 
Scien. Instruments, April, 1926, pp. 214— 
221.) 


Certain applications of the A.C. potentiometer are 
described for which the Tinsley-Gall type is especi- 
ally suitable. These include the measurement of 
the values of inductance and effective resistance, 
and the amplification factor of audio-frequency 
amplifiers. 


621.374.9.—SUR UN NOUVEL ENREGISTREUR DE 
TEMPERATURE ET DE PRESSION POUR L’ ETUDE 
DE LA HAUTE ATMOSPHERE (A new instru- 
ment for recording temperature and pressure 
for the investigation of the upper atmosphere) 
—E. Delcambre, P. Idrae and F. Geottre. 


Esperanto Section. 
Abstracts of the Technical Articles in our last Issue. 


Esperanto-Sekcio. 
Resumoj de la Teknikaj Artikoloj en nia lasta Numero. 


R100.—GENERALAJ PRINCIPOJ KAJ TEORIO. 


R113.1.—VELKADO.—Lekcio farita de Prof. E. W. 
Marchant, D.Sc., antaŭ la Radio-Societo de Granda 
Britujo. 

La temo pri velkado estas konsiderita laŭ ĝen- 
erala vidpunkto. Fruaj raportoj pri ŝirmado pro 
geografiaj kaŭzoj estas menciitaj, notinde rezultoj 
cititaj de D-ro. Eccles kaj Sir Henry Jackson. 
Similaj efikoj ĉe ricevado de diversaj brodkastaj 
stacioj estas ankaŭ aluditaj. Poste estas kon- 
siderita la efiko pro l'atmosfero, kun diskuto pri 
la produkto de ionizita tavolo. Oni montras, ke 
la mallongaj limoj de sendada formularo malap- 
likebligas ĉi tiujn rilate al la distancoj atingitaj 
per malgrandaj potencoj je mallongaj ondoj. 

Sekvas priskribo de la lastatempa eksperimentado 
pri la Tavolo Heaviside, kun aparta aludo al la 
laboro de Prof. E. V. Appleton koncerne la mezur- 
adon de l'angulo de la malrekta radio, al la laboro 
de S-ro. Hollingsworth, taksante, ke la Tavolo 
kuŝas je 70 k.m., kaj al la laboro de la Kompanio 
Marconi dum ties mondvojaĝo. Oni ankaŭ pub- 
likigis la longan diskutadon, kiu sekvis la lekcion. 


RI43.—PERDOJ CE INDUKTANCAJ BOBENOJ.—La 
Bezono por Normo de Efikeco.—S. Butter- 
worth. 

Oni diskutas la bezonon por starigo de normo, 
per kio la funkciado de agorda bobeno povas esti 
difinita. Valoro bazita je la faktoro de potenco 
estas proponita, tial ke ĉi tio estas sutiĉe konstanta 
ĉirkaŭ la sfero de funkciado de bone desegnita 
bobeno. La bobenon oni povus uzi kun norma 


(Comptes Rendus, 29th March, 1926, pp. 
858—859.) 
cirkvito de, ekzemple, o.oo2uF kaj de ekstera 


rezisteco de 20 omoj, kaj kun norma bobeno, kies 
potenca faktoro estas 0.005. Oni sugestas, ke la 
proporcio de volta pligrandiĝo ĉe la provata bobeno 
al tiu ĉe la norma estas la “ Faktoro de Intenseco ” 
difinanta la efikecon de la bobeno. Tabelo montras 
ciferojn por kelke da bone konataj vind-metodoj. 


R144.—EFEKTIVA REZISTECO DE INDUKTANCAJ 
BOBENOJ JE ALTA FREKVENCO.—S. Butter- 
worth. 

Ampleksa konsiderado pri la temo de altfrekvenca 
rezisteco. 

En Parto la (kiu aperis en la Aprila numero), 
oni diras, ke la diskutado celas planon desegnan 
por trovi por ĉiu racia bobenformo la plej bonan 
fadenan diametron kaj interrespondan perdon. 

Konsiderinte ĝenerale la kuprajn perdojn ĉe 
induktancaj bobenoj, la aŭtoro transiras al detala 
studo pri la alternkurenta rezisteco de longa rekta 
fadeno, pritraktante respektive frekvencojn mal- 
altajn, altajn, kaj mezaltajn. Li poste pasas al la 
konsidero pri kirlkurentaj perdoj en cilindro, kiam 
tio estas metita en konstantan magnetan kampon, 
pritraktante respektive frekvencojn malaltajn kaj 
altajn. Li donas esprimojn por la efektivaj rezis- 
tecoj je la ekzemploj konsideritaj, kun tabelo por 
faciligi la kalkuladon. 

En Parto Ila (Majo), la alternkurenta rezisteco 
de du paralelaj fadenoj estas konsiderita kaj la 
rezonado etendita rilate al mallongaj bobenoj 
(solenoidaj aŭ diskaj), kun interspacaj paralelaj 
vindaĵjoj. La rezonado estas poste aplikita rilate 
al solenoidoj unutavolaj de ampleksoj pli ofte 
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renkontitaj en la praktiko, kaj de diskaj bobenoj 
unutavolaj. 

Pluaj tabeloj estas presitaj por la kalkulado de 
certaj terminoj aperintaj en la diversaj esprimoj 
uzitaj» La korekton kontraŭ memkapacito oni 
diskutas, dum sekcio pritraktas la apartigon de la 
perdoj ĉe unutavolaj bobenoj. La artikolo finiĝas 
per tre utila sekcio ilustranta la efikon de inter- 
spacado. 

La demando pri la plej bona bobenformo estas 
prokrastita ĝis la formularo por mult-tavolaj 
bobenoj estos pritraktita. 


R300.—APARATO KAJ EKIPAĴO. 
R330.—DETALOJ PRI GERMANAJ VALVOJ POR 
AMATOROJ. 


Tabelo elĉerpita el Die Audionvohre und Ihre 
Wirkung (de D-ro. Gustav Liebert), kies recenzo 
aperas sur la antaŭa paĝo en sama numero. La 
tabelo montras la Tipon, Fabrikiston, Filamentan 
kaj Anodan Konstantojn, Amplifecon, Rezistecon, 
kaj utilojn de proksimume 40 diversaj valvoj 
germanaj. 


R355.55 —NOVA VALVA REKTIFIKATORO.—L. A. 
Sayce. 

Priskribo pri nova termiona rektifikatoro fab- 
rikita de la Phillips Lamp Company. La valvo 
havas filamenton kaj du anodojn por provizi 
plenan ondan rektifadon, kvankam la aŭtoro 
ilustras cirkviton por nur duononda rektifado, kun 
la du anodoj paralele aranĝitaj. Rektifita elmeto 
ĝis 1.3 amperoj estas atingebla. La filamento 
bezonas provizon 2-voltan, haveblan pere de ekstra 
vindaĵo ĉirkaŭ la transformatoro. 


R381.4.01.—LA REKT-LINIA INTERRILATO.—D-ro. 
Oliver Hall. 

La artikolo diskutas la komparon inter kondens- 
atoroj de la duonronda kaj de la “ kvadrat-lega ”’ 
specoj. Pro restanta kapacito kaj hazarda kapacito 
en la cirkvito, kvadrat-leĝa kondensatoro donas nur 
linian interrilaton ĉirkaŭ la supra parto de la cifer- 
plata gradaro, kaj oni montras, ke la ĉeesto de ĉi 
tiuj fiksaj kapacitoj malatingebligas rektlinian 
interrilaton en la praktiko. 

Oni montras per tabeloj kaj kurvoj ke, ĉar la 
skalo de variado de kondensatoro estas malpliigita, 
la duonronda speco, se uzita por skalo de, ekzemple, 
20 metra agordo, efektive produktas rektlinian 
interrilaton. Simila ekzemplo pruviĝas por la 
reguligo de frekvenco ĉirkaŭ malgranda skalo de 
variado. 


LABOREJAJ NOTOJ.—E. Bainbridge Bell. 

R.387. (1) Elektrostatika ŝirmilo. — Priskribas 
metodon fari ŝirmilon por utiligo inter du “ flan- 
formaj ” bobenoj uzitaj kiel aerkerna transfor- 
matoro. 


R381.5 (2) Kondensatora Potenciometro.—Pris- 
kribas la uzon de du kondensatoroj laŭserie 
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aranĝitaj por la korekto de “ antena efekto ” ĉe 
kadra anteno, kaj diskutas aranĝojn por variigi 
ilin kontraŭdirekte, tiel ke ilia tuta kapacito restas 
konstanta, kaŭzanta nenian ŝanĝon de kadra 
agordo. 


R387.—HIDRARGAJ KONTAKT-I(KOMUTATOROJ KAJ 
KONEKTAJ TABULOJ.—T. B. Baker. 

La uzo de plastika amalgamo, anstataŭ pura 
hidrargo, estas rekomendita por ĉi tiu celo, kun 
instrukcioj por la preparado de taŭga amalgamo, 
ekzemple, de hidrargo kaj stano. Kelke da mal- 
samaj bazoj estas priskribitaj, kun diversaj kontak- 
tiloj por provizi variaĵojn de komutmetodoj. 
Multobla konekta tabulo laŭ la sama principo 
estas ankaŭ priskribita, kaj ĝiaj utilecoj ilustritaj. 
Oni donas instrukciojn pri la konstruo de la 
diversaj partoj. 


R500.—APLIKOJ KAJ UZOJ. 


R582.—SENFADENA FOTO-TELEGRAFIO. 
Priskribo pri la sistemo de Thorne Baker, kun 
diskuto pri ĝia apliko al brodkasta sendado. 


R. 600—STACIOJ: 'DESEGNADO, FUNKCIADO, 
| KAJ ADMINISTRADO. 


R611.—LA RADIO-STACIO RUGBY DE LA BRITA 
PoŜT-OFICEJO. 

Resumo de referato legita de S-ro. E. H. 
Shaughnessy, O.B.E., antaŭ la Senfadena Sekcio 
de la Institucio de Elektraj Inĝenieroj. Pris- 
kribitaj estas la potencilaro, la mastoj kaj antenoj, 
sed la pligranda parto de la referato estas dediĉita 
al priskribo de la senfadena aparataro. 

Generado de la alta frekvenco por radio-telegrafa 
sendado estas per valve funkciigita agordilo, kies 
elmeto estas amplifita, ga harmoniko elfiltrita, 
kaj ĉi tiu, frekvenco plue amplifita ĉe la agordila 
sekcio. Gi estas poste pasigita tra tri sinsekvaj 
ŝtupoj de amplifado, antaŭ ol ĝi atingas la antenajn 
cirkvitojn, la ŝtupoj traktantaj enmetajn potencojn 
de 4, 50, kaj 1,000 kilovatoj respektive. Presitaj 
estas diagramoj de la agordila sekcio, la aranĝoj 
por potenca amplifado, la antena kaj fermita 
cirkvitoj, k.t.p. Alla resumo estas aldonita foto- 
grafajaro, ilustranta diversajn el la objektoj kaj 
sekcioj aluditaj en la teksto. Presita ankaŭ estas 
diskutado pri la referato. 


R800. —NE-RADIAJ TEMOJ. 


510.—MATEMATIKO POR SENFADENAJ AMATOROJ. 
—F. M. Colebrook. 

Komenciĝo de serjo pri tiu temo. La enkonduka 
parto emfazigas la gravecon kaj utilecon de mate- 
matiko, kaj indikas la amplekson de la serio. La 
sekcioj pritraktotaj estos (I.) Elementa Algebro, 
(II) Ebena Geometrio, (III) Trigonometrio, 
(IV.) Elementa Kalkuluso, (V.) Vektoroj. 

Komenciĝas la unua sekcio pri Elementa Algebro, 
kun klarigoj kaj ilustraĵoj pri la fundamentaj 
leĝoj de algebro rilate al adicio kaj subtraho. 
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Correspondence. 


s of interest to experimenters are always welcome. 


Letter 
the Editors do not necessarily endorse any technical or genera 


In publishing such communications 
l statements which they may contain. 


How Far is that Station P 
To the Editor, E W. & W.E. 


ŜIR,—I have read the article in the current 
number of your magazine entitled “ How Far is 
that Station ? ” with much interest, but cannot 
agree with the results. Take the example Cam- 
bridge to KDKA. 

Lat. Cambridge= 529 12’N. 

Lat. KDKA =40° 27'N. 

One is going from north to south, therefore one’s 
course is south. 


Again— 
Long. Cambridge= o” 08’E. 
Long. KDKA =79° 56W. 


One is going from east to west, and the course 
is West. 


Manual of Navigation, also in other standard 


Lat. Cambridge 52° 12’N. Mer. parts. 3,685 Long. o“ o8'E. 
» KDKA 40° 27N. » » 2,058 79° 56'W, 
Dif. Lat. . 11° 45° Dif. do. 1,027 D.Long. 80° 4 
60° — 60° 
7.05S 4,804 W. 
Tan course d Long 4,804 


4,804 log 3-681603 
1,027 log 3-011570 


"670 033 =log tan of course 
=77° 56’ nearly S. and W. 

Dif. Lat. sec course = 705 sec 77° 56’ 
705 log = 2:848189 
77° 56' log sec. = 10°679751 
13°527940 


Discarding 10 gives 3-527 940=loy of distance = 3,372 naut. miles. 
Glasgow. JAMES ANDERSON. 


To the Editor, E. W.E W.E. 
ŜIR, —I have 


through London. The cut would pass through 
Panama (and south ofit from Glasgow). Obviously, 
then, all places in North America lie to north of 


west from England. And remember, lines of 
latitude are not “ great circles.” 
Your correspondent quotes 


from the Admiralty Manual 


is a device for reaching a given port by a single 
unchanging compass bearing, and is a longer way 
round. Let him go on to Chapter V., “ The Great 
Circle Track,” and study that. But as seamen use 


To say more would involve a long explanation 
of the subject. Mr. Anderson should get hold ofa 
globe in a shop or somewhere and lay 
straight lines across it with the edge of his hand- 
kerchief. j 


on the distorted ' 
said. 


Braintree. H. E. ADSHEAD. 


Power Loss in Condensers. 
To the Editor, E W. & W.E. 


SIR,-—With reference to my article on air con- 
densers in the April issue of E.W. & W.E., Mr. 
Butterworth asks the question : 
factor of an air condenser of Capacity less than 


factor of such small air condensers may be deter- 
Mr. Wilmotte’s 
. Butterworth referred, enables 
us to assign an upper limit to the power factor of 
an air condenser of, Say, 6oouuF, but it has not 
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essentially of a comparative nature. Mr. Wilmotte 
had, however, also made measurements on some 
of the condensers, so that the values given are not 
without foundation on an absolute basis. 


National Physical Laboratory, L. HARTSHORN. 
Teddington. 


The Mystery of Fading. 
The Editor, EW. & W.E. 


SIR,—I have read with considerable interest the 
article by Dr. Oliver Hall, entitled '' The Mystery 
of Fading,” particularly in view of the fact that 
there is a certain similarity between some of the 
curves shown and some of those given in an article 
by the writer in the issue of E.W. & W.E. for July, 
1925. 

Dr. Oliver Hall plots certain curves, and derives 
certain deductions therefrom, the curves being 
obtained by aural methods. It is stated that signal 
intensity is estimated by listening to the output 
of a loud-speaker some twelve feet from the observer. 
The article states that ‘‘ it is scarcely necessary to 
say that all observations of this kind cannot be 
compared with instrumental observations, but 
where instrumental observations are not possible 
aural methods are not to be despised.” While 
broadly agreeing with this statement, the writer 
ventures to suggest that aural observations may 
be a source of considerable error, and lead to 
totally inaccurate deductions. 

If we assume that the voltage produced across 
the terminals of the loud-speaker is directly pro- 
portional to the received signal energy, then we 
obtain a first approximation by plotting estimated 
sound intensity against time. It is important to 
remember, however, that this estimated sound 
intensity is in no way absolute. It is entirely a 
matter of comparison and relativity, since there 
is a personal element. The most important factor 
enabling us to determine an increase or decrease 
in volume is the rate of change. A very small 
increase or decrease occurring during a short period 
is immediately appreciated by most listeners, 
whereas it is almost impossible to detect a very 
large change in intensity when the time period is 
long. 

Hence, it follows that any curves which are 
plotted by aural means really only show variations 
where the rate of change is comparatively great. 
Dr. Oliver Hall states in the article that “ practi- 
cally every case of fading in the second set of 
observations took place quite suddenly.” This 
statement, derived from aural observation, certainly 
means that at the period immediately preceding 
minimum the rate of change was great, but it gives 
little indication of what was actually happening 
during the periods immediately preceding the 
period before minimum. 

The writer does not suggest that the received 
current was not substantially constant during the 
periods before the minimum period, particularly 
in the case of the Bournemouth fade, where the 
curve is almost identical with that shown on page 
651 of E.W. & W.E., July, 1925, by the writer. 
It is interesting to note, however, that while a 
curve such as Fig. 2 shown in Dr. Oliver Hall's 
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article may be obtained by aural observation, a 
totally different curve may be obtained for 
actual signal strength as measured by the aid of 
instruments. 

All the curves shown by Dr. Oliver Hall are of 
an irregular character, which leads him to state 
that “ Fading is an irregular phenomenon, and 
the worst thing that an investigator can do is 
to start off with the preconceived notion that 
fading is connected with some definite numerical 
quantity. . . .” 

The writer would venture to suggest that a few 
observations such as those recorded are certainly 
not sufficient to justify the opinion that fading is 
irregular. Surely Dr. Oliver Hall must be aware 
of the very large number of records of competent 
observers showing perfectly regular fading. The 
writer was under the impression that fading was 
recognised as being either periodic or aperiodic, 
and, further, that modern theories as to its cause 
and nature explain equally well either a regular 
or irregular variation. Had Dr. Oliver Hall taken 
accurate plottings, true curves would have been 
obtained, which no doubt would be capable of 
mathematical treatment and help to remove some 
of the “mystery.” Perhaps Dr. Oliver Hall 
would be good enough to explain a little more 
fully the justification of his statement that “ Fading 
is an irregular phenomenon.” 

PAUL D. TYERS. 

Watford, April, 1926. 


“ Aperiodic”” or ““ Untuned ” P 
The Editor, EW. & W.E. 


SIR,—There seems to be a growing tendency 
towards the misuse of the term “ aperiodic.” The 
untuned primary coil of the popular “' low-loss ”' 
pattern short-wave tuner is often spoken of as 
“untuned or aperiodic” as if the terms were 
synonymous, which they are not. 

The meaning of the term “ untuned ” is exactly 
what one would expect—the circuit or inductance 
referred to is not intentionally tuned to a definite 
frequency. Of course, any circuit which contains 
capacity and inductance must have a natural 
frequency (even when not purposely tuned) but 
in the type of tuner referred to, the natural fre- 
quency of the aerial or primary coil is so arranged 
to be outside the working frequency range of the 
secondary (tuned) coil. 

“ Aperiodic'' means ‘“‘ without period,” or as 
applied to tuning circuits, without any definite 
natural frequency. Thus, an aperiodic coil will 
respond to all frequencies with equal efficiency 
thus being the exact reverse to a tuned coil, which 
responds to one definite frequency only. In a 
rejector circuit, for instance, such as is used for 
tuning out local interference, the coil by-passes all 
the interfering frequencies, but rejects the desired 
one, which passes in the usual way to the tuner of 
the receiving set. 

In such a circuit, the rejector coil is always 
wound with very thick wire, so as to reduce the 
resistance of the coil, thus reducing damping, and 
increasing selectivity. Clearly, if we desire to 
make an aperiodic coil, we must do the reverse, 
that is, use very thin wire, which will have a high 
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resistance, in fact, resistance wire. If the resis- D2 sin w!=—u? sin wf cos wt, and hence D2 = — w?. 


tance of the coil is correct, then we shall have a 
truly aperiodic coil. 
A tuning coil or circuit can only be aperiodic 
when 
72 is greater than 4L/C, 
y =resistance, 
L =inductance, 
C =capacity, 


where 


and therefore, the untuned primary coil of a short 
wave or Reinartz pattern tuner, containing four 
or five turns of stout copper wire, with negligible 
resistance, cannot be described as aperiodic, but 
simply ‘‘ untuned '' which is more nearly correct. 
F. A. 


j, the Heaviside Operator, and V —1. 


To the Editor, E.W. & W.E. 


SIR,-—May I suggest that in your editorial of 
May, 1926, it is rather misleading to say :— 
“ that as 
D sin wt = ow Cos mt 
D cos wt = — w sin wt 
by treating these as algebraic equations, and 
squaring and adding each side, it follows that 


D2 = — w?.” 
By the application of algebraic methods to 
these equations we obtain— 


D2? = + &?. 
The truth of the expression— 
D= m 


is obtained by writing— 
d/dt sin wt = w cos wt 


d? /dt2 sin wt = — w? sin ot 
and hence the operator— 
d? jd? = — w?. 


The expression ĵwL is obtained in a similar way 
by writing instead of i = 1 sin at, 
i = l eje 
di/dt = jwi. 
In the one case —w? is written for the operator 
2, and in the second case jw for the operator D. 
The replacing of the operator D by jw is a con- 
venience for determining the effective resistance 
and effective inductance of a circuit containing a 
periodic electromotive force that many students 
of electricity and magnetism would not care to 
abandon, but your valuable journal and your 
contributors have done us yeoman service by 
drawing attention to the precise meaning of such 
an expression as R+jwL for impedance. 


Portsmouth, Hants. MALCOLM G. RILEY. 


[The statement which Mr. Riley kindly suggests 
is rather misleading is really a mistake. It is not 
by squaring and adding each side, but by mul- 
tiplving the two left-hand sides and the two right- 
hand sides and equating the products, that we get 


whence 


By squaring and adding each side we get D? 
(sin? wi+cos? wt) =w? (sin? wti+cos? wt), and hence 
D?2=w2, Thus the application of simple algebraic 
methods leads to two contradictory results. Al- 
though caused by a careless slip on our part, this 
brings out more clearly than ever the impossibility 
of regarding D as an ordinary algebraic quantity.— 
G.W.O.H.]. 


Fading. 
The Editor, E.W. & W.E. 

Sir,—In my opinion the cloud has not been 
regarded sufficiently as a source of trouble con- 
cerning fading or as a reason for freak reception, 
especially of the local kind. 

The effect of air pressure on reception is, I think, 
more likely to be due to movements of clouds 
caused by the change in air pressure rather than 
an alteration in the ionisation of the atmosphere, 
the change in pressure usually being insufficient to 
be effective. 

Further, the conductivity of a cloud is far 
greater than that of ionised air. When the water 
in the cloud has dissolved a little carbon dioxide 
thus forming carbonic acid the conductivity will 
rise rapidly. Thus a cloud is a large reflector 
moving about in the air, reflecting and deflecting 
radio waves, giving rise to freak reception, and 
local fading. 

Many amateurs and professionals would, I think, 
do well to give the Heaviside layer a rest and pay 
more attention to the cloud. 

W. H. MADDISON 


Stamford Hill, N.16. (2BOX). 


“ Effective Resistance of Inductance Coils at Radio 
Frequency.” By S. Butterworth. 


Part III of this article is unavoidably held over 
until next month on account of pressure On our 
space. 


“The Use of Small Receiving Valves for Transe 
mitting.” By A. G. Wood. 


We are asked to explain that the article under 
the above title, published in E.W. & W.E., for 
May. was long delayed before publication was 
given and, therefore, the results obtained compare 
unfavourably with present DN results which have 
made such remarkable progress since the date 
when this article was prepared. 


May issue :— 


Page 265, Editorial, 2nd column, line 8, for 
“ squaring and adding,” read “ multiplying.” 
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Book Reviews. 


THE SLIDE RULE SIMPLIFIED. By D. E. Rogers, 
pp. 76. Drawing Office Supplies, Ltd. Price 
58. 


This is a plain straightforward book of instruc- 
tion on the Slide Rule, in which every operation 
is clearly explained and illustrated by numerous 
examples. Even those who have used a slide rule 
for many years will find some useful hints on such 
things as taking out cube roots; at least that was 
our experience and we can recommend the book. 


MODERN RADIO COMMUNICATION. By J. H. 
Reyner, pp. xi.+208 with 121 Figs. Pitman. 
Price 5s. 


This is a book which we can recommend to any 
earnest student of the subject. It assumes an 
elementary knowledge of electricity and magnetism 
but deduces everything as far as possible from first 
principles. It is as non-mathematical as it is 
possible to make a text-book covering the syllabus 
of the City of Guilds examination in this subject. 
It has only been possible to cover the ground in 
200 pages by omitting those branches of the subject 
which are now only of historical interest, and this 
is indicated in the title. Text and diagrams are 
clear and well arranged. 


Loup-SPEAKERS. 
with 57 Figs. 


By C. M. R. Balbi, pp. xv.4+96 
Pitman, Price 3s. 6d. 


This is a popular non-mathematical but scientifi- 
cally correct description of the principles and prac- 
tice of loud-speaker construction and operation. 
All the various types are described and the 
important subjects of diaphragms and horn are 
discussed. The concluding chapter is entitled 
“ Advice to intending purchasers ” and there is a 
list extending to eleven pages of the principal 
loud-speakers on the market with notes and parti- 
culars of each type. This should prove very 
useful to intending purchasers. 


STORBEFREIUNG IN DER DRAHTLOSEN NACHRICH- 
TENUBERMITTLUNG. [The Elimination of Inter- 
ference in Wireless Telegraphy.] By M. Single- 
mann, pp. 151 and 239 Figs. Hermann 
Meusser, Berlin, Price 8.50 marks. 


This forms volume 7 of a series on “ Die Hoch- 
frequenztechnick,” edited by Dr. Carl Lubben. 
Only a few pages are devoted to the underlying 
principles, the greater part of the book consisting 
of diagrams of connections illustrating almost 
every receiving arrangement which has been 
devised, each diagram having a brief description 
of its principal points. Each section, such as 
Heterodyne Receivers, Directive Receivers, Elimina- 
tion of Distortion, etc., etc., is introduced by a 
brief general description. To one familiar with the 
principles, the book ofters a useful classified com- 
pilation of circuits. G.W.O.H. 


DER DETEKTOR. By Dr. R. Lehnhardt, pp. 95 
and 62 Figs. Hermann Meusser, Berlin. 
Price 5.80 marks. 


This is volume 8 of the same series. The title 
should be ‘‘ Detectors other than Thermionic 
Valves,’’ since only 9 pages are devoted to these, 
against 67 pages on contact detectors, the remaining 
few pages dealing with sundry other types. In the 
few pages devoted to the thermionic valve, how- 
ever, the author accomplishes a wonderful feat in 
developing the two-electrode valve without any 
mention of Prof. Fleming. A somewhat strange 
remark is that “ the first grid tube was proposed 
by de Forest, but in Germany by v. Lieben.” 

Crystal detectors are dealt with fairly fully, both 
in theory and practice. A table is given of a great 
number of minerals with figures which are not 
defined, but which are probably the necessary 
applied electromotive forces to give good results. 
A final section deals with the use of a crystal as a 
generator of oscillations. A very good biblio- 
graphy of the subject is given. G.W.O.H. 


Modern Printing Telegraphy. 


An attractive booklet with the above title has 
been received from Messrs. Creed & Co., Ltd., 
of Croydon. We need hardly say that the name 
of Creed is associated all over the world with pro- 


= gress and masterly achievement in the field of 


printing telegraphy. In the current number of 
the Zeitschrift fiir Hochfrequenztechnik we noticed 
with a touch of pride that the wireless transmitting 
and receiving rooms at the German Main Tele- 
graph Offices in Berlin were equipped with Creed 
apparatus. Messrs. Creed & Co. have acquired 
the Murray Multiplex System which they now 
manufacture in addition to the Creed High-Speed 
Printing Telegraphs. The booklet gives illustrated 
descriptions of the various pieces of apparatus, 
such as keyboard perforators, transmitters, re- 
ceivers, printers, relays, undulators, phonic motor 
distributors employed in one or both of the systems. 


Proceedings of the Wireless Section of the Institute 
of Electrical Engineers. 


AS we announced in a recent number, the 
Council of the Institution decided to publish the 
papers read before the Wireless Section, separately 
from the main proceedings. Volume I., No. 1, 
has now been published and it is stated that there 
will be three issues yearly, viz., in March, June 
and September. The first number contains Major 
Benyon’s address as President of the Section, 
“The Performance of Amplifiers,” by H. A. 
Thomas, and “Frequency Variations in Thermionic 
Generators,” by Lt.-Col. Edgeworth, together with 
the discussions which took place at the meetings. 
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Some Recent Patents. 


A PECULIAR RECEIVING CIRCUIT. 


(Convention date (U.S.A.), 30th June, 1924. 
No. 236,156.) 


A rather peculiar type of receiving circuit is 
described in the above British Patent by C. E. 
Ogden and P. V. Ogden. The object of the 
invention is to produce a receiver particularly 
suitable for portable use, when an aerial is not 
always practicable, signals being obtained by 
means of an earth connection. The accompanying 
illustration shows the circuit. It will be seen 
that an oscillatory circuit consists of a variable 
condenser C, and an inductance L connected 


between the anode and grid of a three electrode 
included. 


valve, the usual condenser C, being 


No grid-leak is shown and we presume that the 
valve is soft. The system is earthed at one side 
of the oscillatory circuit. The usual filament 
and anode batteries are provided, and telephones 
are included between the high tension battery 
and the anode. Reaction is controlled by means 
of the tapping switch S, which varies the amount 
of inductance in circuit, and also by controlling 
the filament temperature or emission. It is stated 
that the use of an aerial increases the strength of 
the signals, the aerial, if used, being connected to 
the filament. 


REGENERATION CONTROL. 
(A pplication date, 5th January, 1925. No. 248,870.) 


The above British Patent, granted to H. Tyler; 
deals essentially with the control of reaction. 
It will be seen from the accompanying illustration 
that the aerial circuit is tuned by means of a 
variable condenser C,, an inductance L;, and a 
variometer M. Potentials are taken across the 
variometer M, and applied between the grid and 
filament of the valve, the usual grid condenser 
and leak being included. A coil L, is included 
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[R008 


in the anode circuit of the valve and is coupled 
into the inductance L,. It is stated that the 
control of reaction is very smooth and not in the 


A 


SIE 


least critical. It is further stated that the circuit 
gives more volume than is obtained with the 
normal arrangement. 


RADIO FREQUENCY TRANSFORMER 
CONSTRUCTION. 


(Convention date (France), 21st November, 1924. 
No. 243.379.) 

A rather interesting method of adjusting a 
transformer is described in the above British 
Patent, which is granted to the Societe Francaise 
Radio-Electrique. The method of control is 
particularly applicable to supersonic intermediate 
transformers, in which a number having the same 
natural frequency are desired. Formerly, trans- 
formers have been adjusted subsequent to manu- 
facture by varying the number of turns until the 
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obtained. This 


frequency is 
elaborate method, however. is entirely obviated 
by the method of construction which is illustrated 


desired natural 


by the accompanying diagram. It will be seen 
that the transformer comprises two sets of windings 
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P and S, one wound upon the other on an insu- 
lating former F. The former contains an iron core 
C, comprising a large number of very fine wires, 
suitably annealed so as to have minimum losses. 
The core is arranged so that there is a very large 
air space between itself and the windings. The 
transformer is adjusted by means of a conducting 
ring R, which is capable of longitudinal movement 
with respect to the core and the windings. Thus 
it will be seen that the ring may be brought gradu- 
ally into the flux, so that the flux which is embraced 
may be varied. and in this way a number of trans- 
formers may easily be matched. 


THE R.I. TUNER. 
(Application date, 25th February, 1925. No. 249,292.) 


Some details of the R.I. tuner are described by 
W.A. Appleton and J. Joseph in the above British 
Specification. The tuner consists of a continuous 
winding on a cylindrical former with a small air 
space between the various sections, which are of 
increasing size. The inductance is tapped at each 
section, the tappings being brought to a multi- 
stud switch. In addition, a cylindrical reaction 
coil is mounted at one end of the cylinder, and 
is connected by a bevelled gear wheel to a con- 
trolling knob at the other end of the cylinder, 
which also carries the multi-contact switch. The 
switch arm is of the double type, that is, it is of 
sufficient area to embrace two studs at a time. 
Thus it will be seen that the section of the coil 
Nearest to the one in use is short-circuited, and 
the switch is also connected so that the whole 
of the inductance out of circuit is also short- 
aircuited. 


A SAFETY LEAD-IN TUBE. 
(Application date, 20th April, 1925. No. 248,590.) 


P. J. Ambrose describes the construction of a 
safety lead-in tube. The lead-in is of the type 
comprising an insulating tube in which a rod 
carrying contacts is capable of being moved so 
as to connect either the aerial to the set or to 
earth. The particular form of lead-in is shown 
in the accompanying illustration, and consists of 
an insulating tube S, which is gripped by means 
of a nut N in a split threaded extension E of a 
flange plate P, which is screwed to the window 
frame or the wall. The tube carries at its external 
end a contact C and a terminal T, which communi- 
cates with the earth. A similar pair of contacts 
K are fixed at the internal end of the tube, and are 
provided with another terminal, which is con- 
nected to the receiver. A conducting rod R is 
provided with a knob O by means of which it is 
moved. The rod carries at either end fingers F 
and F, and at the external end a terminal to 
which the aerial lead is connected. Thus it will 
be seen that when the knob is pushed in, the fingers 
F, will touch the contacts K, thereby connecting 
the aerial lead to the set. When the knob is 
pulled out the fingers F will touch the contacts C, 
thereby connecting the aerial lead straight to earth, 
and at the same time disconnecting the set from 
the aerial lead. An additional feature of this 
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invention is the provision of a spark gap on the 
side of the tube. The gap comprises the usual 
pair of serrated edges, one fixed to the contact 
ring C, and the other fixed to an extension at 
right angles to the rod. This extension works 
in a slot Z in the tube. Thus when the knob is 
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pulled out and the aerial is earthed there is a 
considerable distance between the gap, this helping 
to isolate the receiver from the aerial lead, but 
when the knob is pushed in and the set is connected 
to the aerial the movable element of the gap is 
brought into close proximity with the fixed element 
thereby acting as an efficient spark gap. 


AN M.-L. INTERVALVE COUPLING. 
(Application date, 29th December, 1924. 
No. 249,234.) 

A very interesting form of intervalve coupling 
is described by the M.-L. Magneto Syndicate 
Limited and D. K. Morris, 
The object 


Ph.D., in the above 


British Patent. of the invention is 


to produce a coupling device having the same 
efficiency as an ordinary intervalve transformer, 
but at the same time eliminating some of the 
inherent defects, particularly those due to satura- 
tion and hysteresis effects. The invention con- 
sists essentially in separating the direct anode 
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current component from an auto transformer, 
merely applying the alternating current potentials 
to the primary winding. The accompanying dia- 
gram should illustrate the principle, in which it 
will be seen that the anode circuit of the first 
valve V, contains a high resistance R. Alter- 
nating potentials are produced across this resis- 
tance. and are applied by means of a condenser C 
between the points X and Y, i.e., the primary 
winding of an auto-coupled transformer. The 
high potential end of the secondary S is connected 
to the grid G of the second valve. Thus it will be 
seen that direct currents are confined to the anode 
circuit of the valve V, and only alternating currents 
are applied to the auto transformer. It will be 
obvious that the absence of the steady current 
from the primary windings of the transformer 
eliminates the possibility of distortion due to 
saturation and other similar troubles. The Patent 
Specification also gives details of the construction 
of a unit for this purpose, comprising a com- 
bination of resistance, a coupling condenser, and 
an auto transformer, the whole being contained 
within a suitable case, appropriate terminals being 
provided. The arrangement also enables the 
device to be used as an ordinary auto transformer 
and stopping condenser, or. if desired, an ordinary 
choke and a stopping condenser. 


SUPERSONIC TRANSMISSION. 


(A pplication date, 20th December, 1924. 
No. 248,868.) 


A system of broadcast transmission designed to 
lessen the effects of interference is described by 
B. H. N. H. Hamilton and J. Robinson in the 
above British Patent. The ordinary method of 
supersonic reception consists in beating a local 
oscillation with the received signals so as to pro- 
vide an intermediate beat frequency which is 
subsequently amplified and detected. According 
to this svstem, however, instead of introducing the 
local oscillation at the receiver another carrier 
Wave is transmitted, so that the two are received 
simultaneously, and beat together, amplification 
being carried out at the intermediate beat fre- 
quency, after which the amplified currents are 
detected. One modification of the svstem con- 
sists in providing one high power main carrier 
wave, which is modulated, and providing a number 
of localised low power transmitting stations, which 
simply emit a carrier wave of such a frequency as 
to give the desired beat frequency in the receiver. 


A SYSTEM OF ATMOSPHERIC ELIMINATION. 


(Convention date (France), 30th November. 
1923. No. 225.570.) 

L. Levy describes in the above British Patent 
a system of atmospheric elimination dependent 
upon the balancing out of currents due to un- 
desired signals or atmospherics. The arrange- 
ment should be clearly understood by reference to 
the accompanying illustration, in which two 
receiving frames are shown associated with two 
valves having a common output. Two frames 
F and F, are connected to the grid circuits of 
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valves V and V,, and are tuned by condensers 
C and C,, the grid circuits being coupled by induc- 
tances L and L, to inductances L, and L, respec- 
tively. The anode circuits of the valves V and V, 
respectively contain inductances L, and L;, which 
in turn are coupled to inductances L, and L,, the 
inductances L, and L, being connected in series 
with L, and L,, and are tuned by a variable con- 
denser C,. Any potentials occurring in this tuned 
circuit are amplified at the points X and Y, t.e., 
across the variable condenser C, and are subse- 
quently rectified and further amplified if desired. 
The frame F is tuned by the condenser C to a 
wavelength slightly above that of the desired 
signal, while the frame F, is tuned to a wave- 
length slightly below that of the desired signal. 
It is stated that any atmospheric or similar para- 
sitic shock excitations will cause equal and opposite 
currents to flow in the output circuit of Le L, and 
L} Cs. with the result that substantially no 
potential will occur across the points X and Y. 
When, however, oscillations due to the desired 
signals are received, t.e., at frequencies inter- 
mediate between that to which the two frame 


circuits are tuned, the current in one circuit will 
lead and the current in the other circuit will lag 
with reference to the voltage produced by the 
wave in the two circuits, and. consequently, there 
will be a phase difterence between the potentials 
between the two grids and filaments. This means 
that opposition will not occur in the output circuit 
L,. L, owing, of course, to the reactive coupling 
between La L, L} and L,. and it is further stated 
that the potential induced by the received signal 
tends to lead by ninety degrees. This results in 
phase opposition occurring between the two sets 
of grid potentials. Hence an appreciable voltage 


will be produced across the points X Y due to the 


received wave, which is then amplified and utilised 
without interference from any atmospherics. 


CONSTANT BEAT FREQUENCY. 


(Convention date (Germany), 15th November, 
1924. No. 243.018.) á 
Telefunken Gesellschaft fur Drahtlose Tele- 
graphie M.B.H. claim in the above British Patent 
Specification an arrangement of two or more 
tuned circuits provided with a common tuning 
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adjustment, such that the frequency difference 
between two circuits is always constant. An 
arrangement of this description would be very useful 
in heterodyne or super-heterodyne circuits, where 
it is desired to adjust two tuned circuits with only 
one control, so that a constant beat frequency, 
for example, is obtained without the necessity of 
using a variable condenser of any special law. 


Cy 


It will be seen that the two inductances L and L, 
are tuned respectively by variable condensers C 
and C,, the variable condenser C, being in series 
with a fixed condenser C,. It is found that by 
suitably proportioning the condensers C, and C,, 
and inductances L, and L, rotation of the one 
control knob operating both condensers results 
in a constant frequency difference. The values 
of the components are such that the two variable 
condensers are of similar capacity, while the 
inductance L, is slightly smaller than the induc- 
tance L, The specification shows the mathematical 
justification of this relation, and indicates how 
actual values may be calculated. 


ANOTHER VARIABLE GRID-LEAK. 
(Application date, 29th May, 1925. No. 250,052.) 
‘The construction of a variable grid-leak is des- 
cribed by W. P. Fraser in the above British Patent. 
The leak is of the type comprising a flexible high 
resistance conductor, part of which is short- 
circuited by coming into contact with a metallic 


surface. Thus, in the accompanying illustration, 
which merely shows a plan view of such a resis- 
tance, the resistance element comprises a piece of 
tape T, treated with indian ink. One end of the 
ink conductor is connected to a helical spring S, 
provided with a terminal B. The other end of 


399 


June, 1926 ' 


the tape is fixed in a small slot L, in a metallic drum. 
The insulating case J, which contains the device 
is also provided with a concentric insulating sleeve 
W, around which the tape passes. Thus it will be 
seen that on rotating the drum by means of a knob 
fixed to a shaft (not shown) the tape will be wound 
round the periphery of the drum, thereby short- 
circuiting a considerable portion of the resistance 
element, with a corresponding decrease in the total 
resistance in circuit. The other connection, of 
course, is made to the metallic drum. 


MAINTAINING CONSTANT FREQUENCY. 
(Application date, 9th April, 1925. No. 250,022.) 


K. R. Edgeworth describes in the above British 
Patent Specification a method of maintaining 
constant frequency in an oscillating valve. It is 
stated in the specification that stray capacitative 
coupling between the grid and anode circuits of 
a valve, anode potentials, and filament emission 
all have a controlling influence upon the frequency 
of oscillation. The object of the invention is to 


provide a form of coupling for the production of 
oscillations in which the frequency is maintained 
substantially constant. The invention consists in 
providing tuned anode and grid circuits, and in- 
cluding a common resistance in the two oscillatory 
circuits. Thus, in the accompanying illustration, 
a valve is provided with an anode oscillatory 
circuit consisting of an inductance L;, and a capa- 
city C,, and a grid circuit comprising an inductance 
L,, and a capacity C,, the two circuits being coupled 
by a variable resistance R. The inductances L, 
and L, are also coupled together so as to produce 
a non-regenerative effect equal and opposite to 
that due to the inherent capacity coupling in the 
circuit. It is stated that the arrangement is 
exceedingly stable in operation. 


A DOUBLE FILAMENT RECTIFYING VALVE. 


(Convention date (U.S.A.), 18th July, 1924: 
No. 237,233-) 


The Dubilier Condenser Company (1925) Limited 
and H. W. Houck described in the above British 
Patent the construction of a multi-filament recti- 
fying valve. The accompanying illustration shows 
a double filament valve suitable for full wave 
rectification of single phase current. It is well 
known that when a valve filament is heated elec- 
tronic emission occurs, and the flow of electrons 
to the anode or plate can only take place when the 
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potential of the anode is positive with respect to 
the filament. This rectifying ettect is well known, 
and is utilised in a particular valve in the following 
manner: The valve V containing the filaments 
F, and F,, and anode 4 is used with a special 


type of transformer T. The transformer is pro- 
vided with a primary P. There are three secon- 
dary windings, S,, S and S,; S, and S, are used 
to heat the filaments, and the centre tap winding 
S, is used to produce the high or low voltage 
current which is to be rectified. The two filament 
windings are connected respectively to the extremi- 
ties of the centre tap secondary, the centre tap of 
the secondary being connected through the load 
circuit, shunted by a condenser C, to the anode 4. 
When the filaments are energised, emission will 
occur, and when the potential of one filament is 
negative with respect to the other an electronic 
stream will pass from that filament to the anode. 
Since the potential of the other filament with 
respect to the anode is positive there will be no 
electronic stream. At the next half cycle the 
other filament will be negative with respect to 
the anode, while the former filament will be positive, 
with the result that an electronic stream will be 
established between the anode and the other 
filament, the current always returning to the anode 
along the same conductor X. In other words, a 
rectified current effect is obtained. An additional 
feature of the invention is the arrangement of the 
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filaments so that any one filament is screened from 
the other filaments by the anode, thereby preventing 
an electronic short circuit between the filaments. 


A FOUR-ELECTRODE VALVE CIRCUIT. 


(Convention date (France), 15th December,1923. 
No. 226,228.) 


A four-electrode valve circuit including three 
coupled inductances is claimed in the above British 
Patent by the Compagnie Générale de Telegraphie 
sans Fil. The accompanying diagram illustrates 
the arrangement of the circuit. The four-electrode 
valve is of the usual type comprising filament, 
anode and inner and outer grids. The input circuit 
comprises a tuned circuit L, C,, connected between 
the outer grid and the filament. The inner grid 


circuit includes an inductance L,, which is given 
a certain positive potential with respect to the 
filament, while the anode circuit from which the 
output is taken at X Y includes an inductance Ly, 
the potential of the anode being positive with 
The three inductances L,, 
The specification 


respect to the filament. 
L, and L, are coupled together. 


also provides for the inclusion of a variable con- 
denser between the inner grid and the high potential 
end of the inductance L,. It is stated that the 
amplification which is obtained with this arrange- 
ment is considerably greater than that derived 
from the more normal connections. 
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Editorial. 


Abstracts and References. 


EADERS will probably have noticed 
Ria in our last issue “ Abstracts and 

References ” formed a more important 
feature than in previous numbers. With the 
June number we initiated what we feel sure 
will prove a valuable extension of this section 
of E.W. 6 W.E. It is a difficult matter 
for a worker in any branch of modern science 
to keep himself informed on the work being 
done and published by other workers in 
the same branch. The difficulty increases 
year by year, and can only be overcome 
bv a well organised system of Abstracts. 
The Department of Scientific and Industrial 
Research has for some time past prepared 
such an abstract of all the publications of 
scientific importance in the field of radio 
telegraphy and telephony for circulation 
among members of the Radio Research 
Board, and our readers will be pleased to 
learn that arrangements have been made 
whereby they will share in the benefits of 
this important service of references and 
abstracts. The abstracts will be published 
in E.W. & W.E. simultaneously with the 
distribution to the members of the Radio 
Research Board and will thus be available 
at the earliest possible moment after the pub- 
lication of the original articles. The Radio 
Research Board has adopted the system of 
classification employed consistently in this 
journal, which has always proved very 


successful and is being continued. Although 
the space devoted to this feature has been 
increased, we feel convinced that every 
reader will agree that the value of 
E.W. & W.E. has been greatly enhanced by 
this innovation. It will enable the reader, 
on receiving his copy, to scan in half an hour 
the wireless publications of the previous 
month in whatever language they may have 
been published and to take steps to consult 
the originals of any articles which appear to 
be of special interest to him. We venture 
to assert that no wireless publication in 
any language offers its readers such a com- 
plete and prompt service of abstracts and 
references. 


Esperanto. 

S the result of our questionnaire on this 
A siest we found that many readers 
regarded the Esperanto section'as a 
valuable feature of E.W. & W.E. and after 
considerable thought and discussion we 
decided that the most useful form that an 
Esperanto section could take would be a 
number of brief abstracts of the articles 
appearing in the previous issue. This will be 
of special service to those foreign readers who 
can read Esperanto but whose knowledge of 
English is not sufficient to enable them to 
gather the contents of an article by simply 
perusing the pages. Our readers will have 
noticed that the Esperanto section was 

resumed on these lines in the June issue. 
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Use of Plate Current—Plate Voltage Character- 
istics in Studying the Action of valve Circuits. 


By E. Green. 


HEN studying the action of valves 
in various circuits the characteris- 


tics usually used are those showing . 


the variation of plate current with grid 
volts (7,—E, characteristics), the plate volts 
being kept constant for any individual curve. 


Captain H. J. Round has pointed out else- 
where that in many cases it is preferable to use 
characteristics showing the variation of plate 
current with plate voltage (I,—E, charac- 
teristics) at constant grid volts. The method 
of obtaining Ip—Ep characteristics from the 
I,— E, characteristics usually provided by 
the valve manufacturers, is given in a note 
at the end of this instalment. 

Fig. 1 shows such J,—Ey curves, (a) in 
an actual case, (b) in the ideal case of straight 
characteristics. Plate voltage and. plate 
current will always be positive so that the 
whole series of curves are contained in one 
quadrant. The region to the left of the 
curve for E,=O will be a region where grid 
current occurs. 


PLATE CURRENT 
PLATE CURRENT 


© 
o 


PLATE VOLTAGE PLATE VOLTAGE 
(a) (bi 
Fig. 1. 


We can also draw J—E diagrams to 
represent the behaviour of different elec- 
trical circuits when a simple harmonic 
voltage is applied. These are shown in 
Fig) 2. 

Case (A). Pure Resistance. E=R I or EJI = 
- R. E and are in phase. Hence a straight 


[R131 


line R’OR (Fig. 2a) where cot0= E/I= R will 
show the relation between E and J at all 
points of the cycle. OM =maximum value 
of E, and ON== maximum value of J. 


Power = $ IE = Area of triangle OMR. 


Fig. 2. 


Case (B). Pure Inductance. E=LwI but 
I lags 90° behind E. The locus is com- 
posed of two simple harmonic motions at 
right angles and in quadrature. This locus 
is an ellipse A BCD traversed in the counter- 
clockwise direction, as this makes the 
maximum of J lag 90° behind that of £Z. 

Case (c). Similarly the locus for a pure 
capacity load (T= E/Caw) is an ellipse such as 
ADCB traversed in the clockwise direction. 

Case (D). Resistance and Reactance in Series. 
In Fig. 2b let OR be the line for the resist- 
ance alone and ABCD the ellipse for the 
inductance alone. 

At the instants represented by the current 
OF, the voltage across the resistance is FJ 
and that across the inductance either FG 
or FZ according as the current is increasing 
or decreasing. Hence the resultant voltage 
is obtained by adding these voltages and is 
either FH or FK where 


JH = FZ and JK = FG. 


THE WIRELESS ENGINEER 


Hence the locus of J and E for :resistance 
and inductance in series is the ellipse 
AB'CD’ obtained by shearing the ellipse 
a = D so that OB comes into the position 

Similarly if we have resistance and capacity 
in series the locus is an ellipse such as A D'CB' 
traversed in the clockwise direction. 

B' and D’ are the highest and lowest points 
of the ellipse. 


Fig. 2. 


If B'OL = 6, cot 0 = R the resistance of 
the circuit whilst OA = X. Z where X 
is the reactance, OL = maximum volts on 
resistance, LB’ = maximum current. 

Power = 1 OL. LB’ = Area triangle OLB’. 


Case (E). Resistance and Reactance in 
Parallel. This is shown in Fig. 2c. As 
before, the current through the. resistance 
alone is represented. by the line OR, whilst 
that through the reactance alone is re- 
presented: by the ellipse ABCD. If we 
add these two currents together for any 
particular value of E we shall get the 
resultant current. Thus for voltage OF, the 
current in the resistance is FJ, whilst that 
in the reactance is FG or FZ. Hence the 
resultant current is either FH or FK where, 


JH = FZ and JK = FG. 


Hence the locus of the relation between I 
and E for resistance and reactance in parallel 
is the ellipse A’BC’D obtained by shearing 
the ellipse ABCD so that OA comes into the 
position OR. A’ and C” will be the points of 
the ellipse most distant from OI. Then if 
A'OE = 0, cot 0 = R, the resistance of the 
circuit, whilst 
OB = maximum current in reactance. 
AA'= maximum current in resistance. 
04 = maximum voltage across resist- 
ance. 
-. Power supplied to circuit = 41 04.44' 
= Area of triangle 04 4' 


The diagram for any combination of 
resistances and -reactances in series and 
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parallel can be obtained by a series of such 
steps as are outlined above. 

If then we have a valve operatmg with a 
certain external load, we can -combine the 
characteristics of the valve with that of 
the load to show the behaviour of the com- 
bination. 

Take the circuit of Fig. 3a where the 
load in the plate circuit is a non-inductive 
resistance R,. 

In Fig. 30, let : 

E, = voltage of H.T. supply, 


and for any particular value of grid voltage 
LUJ 
1, = plate current, 


and Ey, = voltage on plate. 


Then if the grid volts are adjusted so that 
the current through the valve is zero, there 
will be no drop in voltage in R, and the 
voltage on the plate will be E, the full 
H.T. battery voltage. Hence in Fig. 30 
if OA = E,, A represents the working ‘point 
for these conditions. Now if the grid volts 
are altered, so that a current 7, flows through 
R, and the plate filament circuit, there will 
be a drop in volts across R. = R.J)», and the 
volts on the plate are reduced by this amount. 
The plate voltage is now therefore E, — Re Ip. 
The new working point D is obtained as 


Fig. 3. 
follows: Make AC = R, Ip and CD per- 
pendicular to AC, and equal to J». Also, 
. CA R,I, 
since == = 


@ is independent of I», and therefore as 
E, is varied, the working point will move 
along the line drawn through A and D. 
This is true whatever the law of variation 
of Eg. 
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We can express this more shortly thus, 
H.T. volts = volts on plate + volts drop in 
external load, 


or, E,= E, p R.I, : 

E,— Ep = R.I, 

— = I, for any particular 
grid voltage Ey. 


Hence the relation between E, and Ip for 
varying values of E, is given by a straight 
line. In particular for 

Ip = O we have E, = E, = OA 
Ep = O we have I, = E.|R.= OB 

The line AB is the locus showing the 
relation of E, and Ip when E, is varied in 
any manner. Its slope is given by 


OA E, 
OB E = R 
If the grid has a steady voltage of —x, D 


is the working point and DC is perpendicular 
to OX, 


cot 8 = 


OC = E, plate volts 
CA = E, — E, = voltage drop 
across R, 
Power lost in valve = EyIp = OC . CD 
Power lost in load R, = R.I p= CA . CD 


Now let a sinusoidal voltage be applied to 
the grid and let ep, +, be the instantaneous 
values of the changes in plate voltage and 
current. We can see from the above that 
the working line will be along ADB. 

Working it out in detail we have, 

Eo — (Ep + ep) = Re (Ip + 19) 
whence by subtraction, 
—ĉep = R, tp 

This is the relation shown on the simple 
I — E diagram for a non-inductive resistance, 
except for the minus sign which indicates 
that the positive direction for voltage across 
Re is opposite to that for the plate. The 
positive directions for applied voltage and 
current for R, are shown by the arrow lines 
through D, the mean position. 

This line ADB is entirely a characteristic 
of the external circuit and not of the valve 
itself. In particular it will be straight even 
if the valve characteristics are curved ; 
though in this case the excursions on either 
side of D for a sinusoidal voltage on the grid 
will not be equal and there will be rectification 
and distortion. 


and 
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As in the ordinary 7 — E diagrams for a 
resistance, 
cot 8 = 2 = Re 
tp 
If the voltage applied to the grid carries 
the valve over the working range EDF the 
amplitude of the voltage variation on R, 
is eẹp = HF or GE (Fig. 3) and of current 
variations in R, is ti, = DH or DG. 
Hence AC powerin R,= $¢)1p= 4 DH . HF 
= area of triangle DHF. 
This power is in addition to the direct 
current power loss in R,. And since the 


mean value of 1, is unchanged, the total 
power from H.T. supply is unchanged. 
Hence the loss in the valve is diminished by 
the amount 

4 ep. îp = triangle DHF. 


(b) 
Fig. 4. 


If the external load comprises resistance 
and inductance in series the equation showing 
the relation of the changes in ep and 1, 
becomes, 

dt 

— e. = R. 19+ = 
Which, except for the minus sign, is the 
ordinary AC relation between voltage and 
current. Hence the locus showing the 
behaviour of the combination is an ellipse 
EMFL (Fig. 4a) traversed in the clockwise 
direction. The shape and slope of this 
ellipse is entirely a characteristic of the 
external circuit, provided it lies in the 
region where the valve characteristics are 
straight. We can look at this from a rather 
different point of view. From the ordinary 
I — E diagram, we know that such an ellipse 
represents the relation that must exist 
between an alternating (sinusoidal) current 
in the load circuit and the alternating 
voltage at its terminals. This ellipse, when 
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placed in position on the valve characteristics, 
shows what excursions of grid voltage are 
required to produce it. So long as the ellipse 
lies wholly in the region of the straight and 
evenly spaced characteristics, it will be seen 
that a sinusoidal grid voltage is required. 
But if the ellipse enters the region of curved 
characteristics it cannot be produced by a 
sinusoidal grid voltage. That is, a sinusoidal 
voltage on the grid will not produce a sinu- 
soidal current in the load circuit. There is 
rectification and distortion. The position of 
the ellipse on the valve characteristics will 
be fixed by the grid and high tension 
voltages. If E and F are the highest and 
lowest points cot 8 = Re and LD = DM 
= L w ip max. 

If the load is capacitive the locus is a 
similar ellipse traversed in the counter- 
clockwise direction. 

In either case the AC power in the load 


= 4 DT . TF = area of triangle DTF. 


If Re = O the ellipse takes the position 
shown in Fig. 4b. 

We shall however restrict the investigation 
to cases where the load is equivalent to a 
resistance. This is the condition usually 
aimed at in practice, and the modifications 
required if ıt is not fulfilled have been 
indicated. ' 

We return therefore to the simple resistance 
circuit of Fig. 3a. 


Maximum Output and Efficiency. 


Still keeping E, and R, fixed, and with no 
limitations as to grid current, and restricting 
ourselves to sinu- 
soidal conditions, it 
is clear that the AC 
power output will be 
a maximum when 
the working range 
extends from A to 
B, Fig. 36. To 
secure this with 
ideal characteristics, 
the grid bias should 
make D the mean 
position, the mid 
point of AB. (See 


ies Fig. 5.) 
OC = CA = Ze 
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Then from the figure, 


Total power supplied = E, Ip = area 
OA. CD. 
Arith: mean volts on R. = CA = £e 


D.C. powerin R, = mon, = area C A.C D. 
A.C. powerin R. = 4C A. C D =4 E Ip 
Overall efficiency = = I = 25% 

> A 


Power loss in valve = 1 Eolp — 3} Eolp 
= 4 E, 1, = A.C. output. 


Fig. 6. 


By avoiding the direct current loss in `R, 
we can bring up the overall efficiency to 50 
per cent. 

This can be done by circuits of the type 
shown in Fig. 6 (a), (b), (c), (d) and (e). 
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All these with proper adjustments will 
behave as a resistance load. In (a) and (c) 
L must be a choke with an impedance 
(at the frequency concerned) large compared 
with R.. 


In (b), (c) and (d) when the circuit is in 
resonance the equivalent resistance is 


_ M2 w? 
In (e) Nk ti 


In all these cases the mean plate voltage 
is Eo, the H.T. battery voltage, since there is 
no D.C. voltage drop in the load. In par- 
ticular in (e) the resistance of the trans- 
former primary will be small compared with 
Rk. for the valve. As the instantaneous 


=NEGATiVe 


Re 


' (b) 


Fig. 9." 


(a) 


plate voltage will not usually drop absolutely 
to zero the maximum possible variation in 
plate voltage without distortion is less than 
E., and the maximum instantaneous value 
of plate voltage is less than 2£». 


Hence in Fig. 6 if OA = 2E, the working 
line cannot extend beyond AM. Also the 
slope of the working line must be given by 
tan 80=19,/e,= 1/R.. (The detailed proof of 
this is left to the reader.) According to the 
grid bias it will be a line such as AB or A'B’ 
or A”B”. The best line however will be AB 
as involving the minimum power input for 
maximum output. We have for the line 
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AB, when working over the whole range 
A to B. 


Power input = Eol =CA.CD 

A.C. power in load = 1C4. CD = i Ebl». 

Loss in valve = $ E,1,. 

Efficiency = 50 per cent. 

The mean position of the working line must 
always lie on CN (where OC = E») which 
cuts AB at Dits midpoint. Note also that, 
so far, no restrictions have been placed on the 
value of R,and therefore the above efficiencies 
can be obtained for any value of R.. 


Variation in Re. The slope of the working 
line is given by tan 0=1,/e,= 1/R. (See 
Fig. 7.) 

When R. = O the line is vertical. 
» Re =o the line is horizontal. 
R,is negative the line slopes in 
the other direction. 


Returning to circuit shown in Fig. 7b, 
we saw that so long as E, is fixed the 
working line will always pass through A 
(where OA = E>) for any value of grid bias. 


,, 


Fig. 8. 


For the other type of circuit (Fig. €b) 
altering R, does not change the conditions 
in the valve so long as there is no alternating 
voltage on the grid. Hence in Fig. 8 when 
R, only is altered the working line will 
swing about D, and the grid bias would 
have to be altered to make the working line 
pass through A. 


(To be concluded.) 
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Harmonics and their Effects on Wave Form. 


By J. F. Herd, A.M.LE.E., M.I.R.E. 


ing a fundamental oscillation, electrical 

or mechanical, is very well known, but 
the exact effect which these harmonics have 
in influencing the final shape of the wave 
representing the oscillation is usually a 
matter of much less attention. It is only 
when oscillographic study renders the pre- 
sence of harmonics obvious—frequently in 
circumstances where they are not desired— 
that their effect on wave shape renders a 
knowledge of their properties desirable. 

It is true that any curve containing funda- 
mental and harmonics is capable of being 
represented by an appropriate Fourier series, 
but it is equally true that such a series is, to 
most minds, much inferior to a graphical 
representation in assisting the formation of 
a mental picture as to the effect of the 
harmonic terms. On the other hand, the 


Tie existence of harmonics accompany- 


Fig. 1. 
y=a sin x. 


accurate drawing of a series of sine curves 
and harmonicsis admittedly a tedious matter, 
and as a result is frequently omitted when it 
mignt be advantageous and illuminating. 
In this article it is proposed to illustrate 
a few typical cases of the effect of harmonics 
by the graphical process of drawing one 
complete cycle of the fundamental, together 
with the harmonic or harmonies stated in 
each case. The resultant wave form is then 
obtained by thetr algebraic addition. Since 
the resultant depends upon both the ampli- 
tude and the phase of the harmonics present, 


Fig. 2. 


. as. 
y=a sin Y+- SM 2x. 
2 


[R110 


it is obviously impossible to deal with any- 
thing but the smallest fraction of what 
might well be encountered in practice. The 
cases illustrated may serve, however, to form 
a rough guide as to the effect of the chief 
harmonics. The last four cases especially 
show the ultimate approximation of some 
useful Fourier series. 

The fundamental wave is throughout 
shown by light continuous lines, the har- 
monics by dotted lines, and the resultant by 
heavy continuous lines. Considerable un- 
certainty appears still to exist as to the 
naming of harmomics—e.g., one finds a 
harmonic of twice the fundamental frequency 
referred to variously as the first or as the 
second harmonic. The tendency is, how- 
ever— especially in wireless practice—more 
generally towards calling this the second 
harmonic, so that a harmonic of # times the 


Fig. 3. 
y=a sin x+% sin 22. 
4 


fundamental frequency would be called the nth 
harmonic. This practice will be adopted here. 

In Fig. I is shown a simple sine curve. 
This has the equation 

y=a sin x 

where a is the amplitude attained at the 
maximum of the half cycle and x=z2mft, 
where f is the frequency. 

Fig. 2 shows the addition of a harmonic 
of twice the frequency and half the amplitude 
of the fundamental, 1.e., the function 


y=a sin x+% sin 2x. 
2 
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The distortion from sine wave purity is very 
pronounced. Figs. 2, 3 and 4 together show 
the effect which the amplitude of this same 
harmonic has on the resultant wave shape, 
in Fig. 3 the harmonic being one-quarter, 
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as compared with Fig. 2, and the effect of 
reversing the incidence of the “ peaky ” side 
of each half cycle is very noticeable. Fig. 6 
shows the case of a harmonic shifted go? 
from that of either Figs. 2 or 5 (t.e., 45° or 


Fig. 4. 
y=a sin 24435 sin 2x. 
4 


and in Fig. 4 three-quarters the amplitude 
of the fundamental. From these the effect 
of intermediate amplitudes or even of an 
amplitude equal to that of the fundamental 
can readily be deduced. In passing it may 
be noted that such a harmonic amplitude is 
not beyond the bounds of possibility or of 
practical experience. 


Fig. 7. 
Lu di maci ike (7-7). 
y=a sin apo sin 2 8 


In Figs. 2, 3 and 4 the phase of the har- 
monic has remained constant with respect to 
that of the fundamental. Figs. 2, 5, 6 and 7 
together show the effect of varying this 
phase while the amplitude remains constant 
ata/2. In Fig. 5 the harmonic is anti-phased 


Fig. 5. 
: a - 
y=a sin x—- sin 2x. 
2 


Fig. 8. 
y=a sim iU: sin 28-45 Sin 4X. 


Fig. 6. 
y=a sin 2 sin 2 (x-7). 
z 4 


7/4 radians with respect to the phase of the 
fundamental). Here it is seen that while 
each half wave is itself symmetrical, the two 
half waves are quite different from each 
other in appearance. 

From these curves it is obvious that the 
effect of a harmonic of 2f, or, more generally, 
of aneven multiple harmonic is to cause either 


Fig. 9. 
y=a sin sx. sin 3%. 


a marked asymmetry of each half cycle or a 
marked dissimilarity between the half cycles. 
A more randomly chosen phase relation may 
indeed do both. This is shown in Fig. 7, 
where the harmonic has the phase of 221“, or 
7/8 radians with respect to the fundamental. 
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The asymmetry of the half cycles is still 
clearer in Fig. 8, which showsethe addition 
of the next even harmonic, that of frequency 
4f. and amplitude shown as a/4. 

Fig. 9 illustrates the combination of the 
fundamental and a harmonic of frequency 3f 


Fig. Io. 


3 a. 
y=a sin = sin 3%. 


and amplitude a/3, beginning in phase with 
the fundamental. It is now very noticeable 
that the half cycles are each symmetrical 
and mutually similar. There is also evident 
the beginning of a flat top, referred to later. 


Fig. 13. 


a. 
y=a sin rT, sin 6x. 


Fig. 10 shows the effect of reversal of the 
phase of this harmonic, the half cycles still 
being svmmetrical and mutually similar. 

In Fig. II the harmonic is displaced go? 
from those of Figs. 9 and 10, t.e., 30° or 7/6 
radians with respect to the fundamental. 
It will now be observed that although the 
half cycles are no longer symmetrical they 
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Fig. 11. 


= : a : T 
y=a sin ars Sin 3(«—%). 
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are still exactly similar to each other, in that 
the peaky portion occurs first in each (cf. the 
different incidence of Figs. 2 and 5 and the 
even multiples generally). Such similarity 
of the incident order of detail in the half 
cycles would be found still to exist even with 


Fig. 12. 


a. a. 
y=a sin TES sin Set o 5%. 


any randomly chosen phase relation, although, 
of course, the actual shape would differ from 
that actually illustrated, according to the 
phase. This is indeed true of all the odd 
multiple harmonics, 3f, 5f, etc., and the 
ccnsequent similarity of the half cycles in 
such cases is of some importance in th2 work 
of making a Fourier analysis of a wave. 

Fig. 12 combines a harmonic of frequency 
5f and amplitude a/5 with the case of Fig. 9, 
and shows the still further development of 
the flat top, the half cycles still remaining 
symmetrical and similar. 


(b) 


Ultimate 
approximation. 


j a . 
y =a sin 1 sin 2% 


E sin 33-47 sin x+% sin x 
3 ire Go 
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Since 6 is a multiple of 2 and of 3, it is to 
be expected that a harmonic of 6f will 
partake of the qualities of both 2f and 3f. 
In Fig. 13 is shown the combination of a 


(b) 
Fig 15. 


Ultimate 


= approximation. 


: A 
y=a sin a 


1 sim 32—“ sin x--- sim 5X 
sim S -SIN 5X. 
E- ; 4 à 5 


fundamental and harmonic of frequency 6f 
and amplitude a/3, when it is seen that 
although the second multiple effect is pro- 
ducing asymmetry, the influence of the third 
multiple is still traceable. 

Examples of the effects of harmonics 
cannot be better concluded than by consider- 
ing the effect of a few well-known Fourier 
series and the approximations toward which 
they tend if carried far enough. 


Fig. 14 (a) shows the function 
y=a sin x+a/2 sin 2x+a/3 sin 3x 


+a/4 stn 4x+a/5 sin 5x . . etc. 
(b) 
Fig. 16. 
NY Ultimate 
"kit TT ploj approximation. 


a, a . ae 
+. SIM 5¥+—stnm 7¥+- stm GX. 
5 7 9 


graphed up to the term 5x, while (b) shows 
the ultimate form to which the series 
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approximates, the continued addition of 
further terme tending to smooth the rippled 
structure which is still strongly evident in (a). 

Fig. 15 illustrates the case of the same 
series with the even terms reversed in sign. 

Fig. 16 is of very considerable wireless 
interest. It represents the Fourier series :— 


y=a sin x +a/3 sin 3x+a/5 sin 5x 

+a/7 sin 7x-+-a/9 sin gx . . etc. 
up to the term gx. It is very evident that 
the waves is approaching still more closely 
to the flat-topped form already apparent in 
Figs. 9 and 12. The continued smoothing 
of the top by the addition of further terms 
of the series would ultimately give the 
approximation of Fig. 16 (b). 

Fig. 17 is possibly of less wireless import- 
ance but is still of considerable mathematical 
and physical interest. It shows the series 

y=a sin x—a/3? sin 3x-+a/52 sin 5x 
—a/7* sin 7x-pa|o? sin gx, etc. 
drawn to the term gx. The reversal of the 
phase of alternate terms gives a very different 
form from that of Fig. 16, while the dimin- 
ished amplitude of the harmonic terms is 


(b) 
Fig. 17. 


noticeable in tending to the more rapid 
smoothing towards the final approximation 
of Fig. 17 (b). 

While it is not thought that the compara- 
tively few cases illustrated here can serve as 
a general guide to such an extensive subject 
as harmonics, it is hoped that these graphs 
may prove useful in familiarising the wireless 
experimenter with some of the more promi- 
nent cases likely to be encountered. In 
particular, they may serve at some time to 
render unnecessary the Fourier analysis of 
a suspect wave form—a process which, 
although mathematically simple, is perhaps 
even more tedious to the busy man than the 
construction of the graphs. 
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Germany's High-Power Broadcast Station. 


Konigswusterhausen, Berlin.“ 


is situated at Konigswusterhausen, 20 

miles south-east of Berlin. It is a high- 
power station which can be received with 
ease anywhere in Europe. In the afternoon 
it transmits a programme of scientific and 
educational lectures, and in the evening an 
entertainment programme. 


Ts. principal German broadcast station 


Fig. I. 


Konigswusterhausen is the wireless trans- 
mitting headquarters of the German Post 
Office, but the broadcast transmitters are 
housed in a special building (Fig. 1). There 
are three separate transmitters, one of I4 


“From material supplied by the Telefunken 
Company. We are also indebted to the Telefunken 
Company for the photographs which illustrate 
the article. 


[R616.5 


and two of 7 kilowatt, these being the powers 
supplied to the valves in the absence of 
modulation. This is the method of stating 
the power of a station agreed upon at the 
international conference at Geneva. When 


being modulated the average power is only 
about half this value. The whole equipment 
has been supphed by the Telefunken Company. 


3 
3 
| 


The transmitting station. 


The rectifiers, high frequency valves and 
circuits are placed behind the switchboard 
shown in Fig. 4. The three marble panels 
on the right belong to one of the 7-kilowatt 
sets, the next three to the other 7-kilowatt 
set, whilst the panels of the 14-kilowatt set 
can be seen at the far end; the latter are 
shown in detail in Fig. 5. 

. The telephone currents on their arrival 
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by cable from Berlin are amplified on the transformed to a high voltage and rectified. 
apparatus shown in Fig. 2; there are three The filaments of the rectifiers are heated by 
similar sets, one for each of the trans- 500-cycle alternating current supplied by a 
mitters. IokVA generator, but the filaments of the 
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Fig. 2. The audio-amplifiers for the 7kW and the 14k W transmitters. 


The anode supply for the large transmitter, power valves are supplied from a low voltage 
which is the one which we shall describe, D.C. dynamo, and those of the modulating 
is obtained from a 500-cycle A.C. generator valves from accumulators. The various 
giving 42kVA at 220 volts; the current is motor-generator sets are shown in Fig. 


ere 


7 70000 G1 000 et 
£000 09000 


-À 

Eyy POTo 

1, - 
A 

x ayer ee f. Jt 


ajio 


` 
Avo ars Lb 


THE WIRELESS ENGINEER 


1. The independent oscillator. 
2. The rectifiers and power valves. 


Rese S 
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Fig. 4. 


3. The intermediate circuit 


anode circuit of the power valves. 


4. The antenna tuning coil. 


Fig. 5. 
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The transmitter consists of four parts :— are mounted on marble panels on a switch- 
board (Fig. 5) placed in front of the set. 
The independent oscillator is shown in 


Panels of the three transmitters. 


in the Fig. 6; its connections can be seen frcm 
Fig. IO; its valve of Type RS47 has an 
output of 1 kilowatt at an anode voltage of 


The necessary switches and instruments 10,000 volts, Behind the same panel (Fig. 6) 
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Fig.7. Rectifiers and power valves, 
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are the two modulating valves (Type RV24) 
in parallel, having an output of about IO 
watts; these are normally controlled from 
the amplifiers shown in Fig. 2, but the 
panel also has a microphone and telephone 
transformer, so that modulation can be 
carried out at the switchboard if necessary. 

The modulation is carried out on the 
method patented by the Telefunken Com- 
pany, and which they have found very 
successful. The usual high resistance grid- 
leak is replaced by the variable resistance 
of the modulating valves, the resistance of 
which depends on their grid voltage, which, 
in turn, is controlled by the amplified micro- 
phone current. 
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Fig. 10. 


The oscillations produced by the indepen- 
dent oscillator are amplified by the main 
power valves which have a low resistance 
oscillatory circuit in the anode circuit. The 
aerial is coupled to this so-called intermediate 
circuit, which tends to reduce to a negligible 
amplitude the harmonics of the fundamental 
oscillation. 

The modulation does not affect the inde- 
pendent oscillating circuit, which is the real 
oscillation generator, but the modulating 
valves replace the grid-leak on the power 
valves, which are really power amplifiers, 
and thus vary their amplification. 

Fig. 7 shows the rectifiers and power 
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valves ; there are eight of the former (Type 
RG44) and eight of the latter (Type RS53). 
Each valve has an output of 2.5 kilowatts, 
with an anode -voltage of 10,000 volts. 
Beneath the rectifiers and valves are the 
transformer, by means of which the 500- 
cycle current is raised from 220 to 2 X 10,000 
volts, the smoothing condenser and other 
auxiliary apparatus. 

The intermediate circuit between the 
power valves and the aerial is shown in 
Fig. 8; the aerial coupling coil is seen at 


the top and the condenser at the bottom. 


The aerial tuning coil (Fig. 9) can be 
adjusted in a number of steps, and also by 
means of the veriometer coil seen below it. 


Simplified diagram of connections. 


There are ammeters in both the intermediate 
and the aerial circuit. 

Fig. IO is a simplified diagram of con- 
nections. 

The aerial is of the T type, consisting of 
four wires about 80 metres long and 10 
metres wide, suspended between two masts 
210 metres high. The length of the down 
lead is about 200 metres. The aerial 
has a capacity of 2,500 cms. (0.0028uF) 
and a natural wavelength of about 1,500 
metres. The station can work at any 
wave-length between 1,000 and 3,200 
metres, but its normal wavelength is 1,300 
metres. GW.O.H. 
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Obtaining Anode Current from Mains. 


Points to be Observed. 


RTICLES have recently appeared in 
the wireless Press showing methods by 


which the high tension current required 
for the anode supply can be obtained from 
electric light mains. In carrying out many 
of these schemes no attention is paid to the 
Board of Trade regulations, which were made 
for the purpose of securing the safety of the 
public and an efficient supply of electrical 
energy. These regulations provide that 
Where the pressure of a supply between the 
adjacent conductors of a three-wire system 
of mains exceeds 125 volts, the intermediate 
wire shall be connected to earth subject to 
the agreement of the Postmaster-General, 
and in accordance with the following con- 
ditions :— 

(a) The connection with earth of the 
intermediate conductor shall be made at 
one point only on each distinct circuit— 
namely, at the generating station, sub- 
station or transformer, and the insulation 
of the circuit shall be efficiently maintained 
at all other parts. 


(b) The current from the intermediate 
conductor to earth shall be continuously 
recorded, and if it at any time exceed one- 
thousandth part of the maximum supply 
current, steps shall immediately be taken 
to improve the insulation of the system. 


These regulations alone should be sufficient 
to show why the neutral main or any other 
main should not be earthed indiscriminately. 
As, however, there are people who disregard 
all rules and regulations, a word of warning 
as to the danger attendant upon the breaking 
of these regulations will not be inopportune. 


It is usual to insert in the earthed connec- 
tion an ammeter to comply with regulation 
(0) above. A little consideration will show 
that if an earth fault develops on one of the 
outer mains, the current will flow to earth at 
the fault and pass back to the generator 
through this ammeter. In order to protect 
this ammeter from injury by a very heavy 
fault current, an automatic switch is provided 


[R355.007.5 


to cut the ammeter out of circuit and intro- 
duce in its place a resistance whenever the 
current becomes too great for the ammeter 
to record. The reading on this ammeter is 
accepted as an indication of the condition 
of the mains. It is possible, however, for 
earth faults to develop simultaneously on 
both outers of the supply, and for the earth 
currents through these faults to balance, in 
which case no reading would be observed on 
the ammeter, but this condition is one 
which very seldom obtains. 

It is clear that the current which flows 
to earth through the faults will pass back to 
the generator not only through the earth 
connection at the station, but also through 
any other earth connection. Should, there- 
fore, a very heavy fault develop, the first 
thing which would happen on premises 
where the neutral conductor was earthed 
would be the blowing of the fuses on the 
local fuse board. If the fuses on the local 
fuse board are of fairly heavy copper wire, 
as is sometimes the case, it will be seen that 
there are many possibilities of accidents, 
such as the burning out of the earth connec- 
tion and the firing of the premises, or the 
burning out of the wireless set. 

Not only does this danger arise, but 
considerable trouble will be caused to the 
power station engineer whose duty it is to 
maintain the supply, ds it can easily be seen 
that should a large number of experimenters 
earth the neutral main, the ammeter at the 
station will give false readings. In addition 
to this, certain methods of measuring the 
insulation resistance of the mains and the 
location of faults would be rendered ineffective. 

In addition to the above, the earthing of 
the neutral main may cause trouble to all 
the receiving apparatus in the neighbourhood, 
particularly in the case of alternating current 
networks, and in the writer's opinion the 
phenomenon of fading might be experienced 
far more than it is at the present time. 

It is to be hoped that these few notes 
will be sufficient to prevent the improper 
earthing of electric light mains. 
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Effective Resistance of Inductance Coils 
at Radio Frequency.— Part III. 


By S. Butterworth. 


[R144 


(Admiralty Research Laboratory, Teddington.) 


18. Multilayer Coils of Small Winding Depth. 


Let the winding section of the coil be 
bxt. Let ¢/b be small and suppose at first 
that b is small compared with the radius of 
the coil. Let there be m layers in the 
depth ¢ and w turns per layer. 

The field at any point in the section will 
have two components, H; and H,, parallel 
to ¢ and b respectively, which will act inde- 
pendently in producing eddy losses. 

As regards H,, the field acting on a single 
wire is the same as that for a single layer 
coil for which c=b/mn. Thus the added 
resistance due to the action of H, is 

$72 RG(mnd/b)? 
the number of turns being assumed large. 

As regards Hy, each layer behaves as a 
current sheet having current density m1/b. 
In the immediate neighbourhood of the sheet 
the component of the field parallel to the 
sheet is g 

h = 2mnI /b 
and reverses its direction as we pass through 
the sheet. 

If, as is assumed, £/b is small, the value 
of h due to any one layer will remain the 
same throughout the winding section, so 
that the field acting on the top layer due to 
the remaining layers is (m—r) h, on the next 
layer (m—3) h, on the third layer (m—5) h 
and so on. 

The mean square field for all the layers is 
therefore 
ket (m—1)?-b(m3)2--(m-5)94- ... }/m 

= (m? —1)h?/3 = £n2(m2—1)(nl; b)3. 

Applying this result to the eddy loss 
formula it follows that the added resistance 
due to the action of H; is 


472(m2—1)RG(nd/b)2 
The total resistance of a short shallow multi- 
layer solenoid or disc coil is therefore got by 


„the wires of the coil, 


adding these two resistance terms to the 
skin resistance and we have 


R.=R{1+F + 422(2m?—1)G(ndjb)2} (29) 

The same reasoning may be applied to the 

case where b is not small compared with the 
radius of the coil and it is found that 


R,=R {r+F +(x +n? ees G(mnd;b)?} 
(30) 


In applying to solenoidal coils, the length b 
is interpreted as the winding length of the 
coil and in applying to disc coils b is the 
difference between the inner and outer radii. 
In either case, the width ¢ is supposed to be 
very small. 

If the number of layers is large, and the 
total number of turns (mxn) is N, formula 
(30) becomes 


R.=R{1+F + (u+4n?)G(Nd b)? } (31) 


14. Multilayer Coils of Finite Winding Depth. 


The theory of the losses in multilayer coils 
at very high frequencies has been given by 
Prof. Fortescue!’ who, however, confined him- 
self to coils for which the winding length lies 
between one and three times the overall radius, 
and, for solid wire coils, assumed the wire 
so thick that the square root law holds 
in regard to frequency. Otherwise his 
method is similar to that developed above. 
As regards the mean square field acting on 
Fortescue expresses 


this in the form 
H2,, = K2N2]2/D2 (32) 
where 
D = overall diameter of coil. 
N = total turns, 


and K is a factor depending on the ratios 


17 Loc. cit, 11, 
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6/D and t/D in which b is the winding length 
and £ the winding depth. Tables of values of 
K are given covering the range 6/D=o.5 
to b/D=1.5. 

It turns out, however, that these longish 
coils are uneconomical both in Tegard to 
space, number of turns and length of wire, 
so that the writer considered it advisable to 
calculate the values for shorter coils and 
hoped that at the point of overlapping the 
values would link on to those of Prof. 
Fortescue. This, unfortunately, was not so, 
the discrepancy being such that in extreme 
cases the copper losses using Fortescue's 
values of K are only 60 per cent. of those 
obtained with the writer’s values. Some 
means of checking which of the values was 
the more reliable was therefore necessary. 

The mode of arriving at the K factors is 
long and tedious, and the writer was not 
prepared to spend the time recalculating the 
values over the range of Fortescue’s coils. 
The check adopted was therefore to find 
whether the present or Fortescue’s values 
trended satisfactorily towards the easily 
found values for infinitely long coils. 

The factor K becomes zero for such coils, 
but if we multiply K by 6/D the limiting 
value for b/D infinity is finite. The method 
of check adopted therefore was to plot 
curves for the various values of ¢/D of the 
factor Kb/D, using D/b as abscissg, and to 
find which set of values was pointing to the 
proper value of Kb/D when D/6 = o. 

These curves, using the present values, are 
given in Fig. 6. It is seen that the portions 
of the curves linking the last calculated 
values of Kb/D for finite coils (D/b=2) to 
the zero value are continuous with the 
remainder. This could not be done with 
Fortescue's values. 

We are forced to conclude that the present 
values must be the correct ones. The curves 
of Fig. 6 mav be used to get approximate 
values of K for any length of coil. 


The formula for Kb;D for infinitely long, 


coils is 
Kb'D = 2r { (4D — 6t) (3D—31) )' ... (33) 


For short coils the values of A as found by 
the present writer are given in Table VII. 
In comparing with Fortescue’s Table it 
should be noted that Fortescue uses the 
ampere as the unit of current, so that apart 
from the above mentioned discrepancy 
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Fortescue’s K values are ten times the 
present values. 

For the case of solenoids, for which 
tID=o, it is easily shown by the theory of 
the previous section that 

; 
Kea 47 lu +4 alt - =) (34) 
and a similar formula holds for disc coils 
for which b/D=o. The mode of arriving at 
the values of K in the general case is indicated 
in the Appendix. 

We can now readily arrive at the A.C. 
resistance formula for multilayer coils by 
using the value of H2,, given by (32) in thé 
eddy loss formula (10) and adding this loss 
to the ordinary skin loss. We then obtain 


KNd 2 

Re=R{r+F +(e) (35) 

TABLE VII. 

VALUES OF THE FACTOR K IN FORMULA (32). 
b/D | 0.000 | 0.125 | 0.250 | 0.375 | 0.500 
tiD 
0.0 Inf. 41.7 212 144 11.0 
O.I 52.4 23.3 154, 11.0 9.5 
0.2 29.4 16.2 12.4 99 8.2 
0.3 | 19.6 13.7 10.7 8.8 7.5 
0.4 16.0 12.0 | 9.5 8.0 6.9 
0.5 13.8 10.4 | 8.4 | 70 6.0 


NoTE.—The column b/D=o refers to many 
layered disc coils, and the row t/D=o to many 
layered solenoids. When the layers are few the 
following values hold for K :— 


SOLENOID WITH m LAYERS. 


b/ D 0.000 | 0.125 | 0.250 | 0.375 | 0.500 
mi | | 
Ir, = 30I 15.6 — 10.7 8.3 
2 — 39.2 | 20.0 | 130, 10.4 
3 — 40.6 20.7 14.0 , 10.7 
Inf. — 41.7 21.2 14.4 11.0 
———— — | | 
Disc CoIL WITH m LAYERS. 
| | 
tiD | O.I | 0.2 | 03 | 0.4 0.5 
m | 
I 37.8 20.6 15.4 13.2 11.7 
2 i 45.0 | 25.9 18.0 | 15.3 13.3 
3 51.0 | 20.38 192 | 15.7 | 13.6 
Inf. 52.4 eke | 19.0 16.0 | 13.8 
1 | 
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This formula, together with Tables I. and 
VII. and the curves of Fig. 6, includes all 
the previous formule and tables and con- 


Kb/D 


stitutes the final solution of the A.C. resist- 
ance problem for solid wire coils with well 
spaced windings. 

In application the self-capacity correction 
as given by (23) must also be made when 
the coil is worked at wave-lengths which 
are comparable with the natural wave-length 
of the coil. 


15. Test of Formula by Comparison with 
Observed Resistances. 


Our first example is a coil in which there 
is no space factor other than that due to the 
unavoidable insulation space. In this case 
the general field losses are the main term in 
the resistance, so that the comparison gives 
a very severe test of the general field loss 
formula. 
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with 350 turns of No. 24 D.s.c. wire, the 
dimensions of the coil being D=7.5 cm., 
b=0.75,cm.,#=2.5 cm. 


The D.C. resistance of the coil was 3.8 
ohms and the following A.C. resistances were 
measured by the reactance-variation method 
in a resonant circuit :— 


Measured | Calculated | Cu. loss. 


Wave 

length resistance topper [uu 
(metres). (ohms). resistance | Total loss. 

(ohms). | 
| 

2,000 370 | 322 0.87 
2,500 283 | 242 | 0.86 
3,000 222 : 193 0.87 


The second example is for a series of coils 
of equal dimensions but of different induct- 
ances, each coil being measured at that wave- 
length which gives resonance with a condenser 
of I,000upF. The common dimensions are 


A coil of 5,000 microhenries was wound D=85 cn. 0==T1.5 cm., (== F.0°:em. 
a —- San : | I = = — pal 
Coll | | Wire Inductance | Wave-length | Resistances E 
| 5 : = | 
No. , Turns. | gauge | (uH.) (metres). | D.C A.C, : “Kard Tinko, 
| | Ohms. | Obsd. | Cale. 
I | 46 22 | 7 |! 540 0.33 2.5 2.1 o.S4 
2 72 22 | 197 840 0.53 5.1 4.4 0.56 
3 | 98 23 304 1,150 0.58 y.0 7.4 0.82 
4 141 24 | 745 1,050 res l. 39,4 15.2 0.87 
5 244 24 2,240 2,860 2.75 | 435. | 40.0 0.92 
6 374 28 | 5,280 4,350 9.01 29.2 24.8 0.55 
7 | 570 30 12,400 6,700 20.8 | 489 | 33 0.08 
8 i 835 30 20,300 9,800 | stoko 1 09.5 | 48 0.09 
9 1,280 34 62,200 15,000 | 85 12 | 95 0.75 
10 | 2,150 30 177,300 25,000 | 196 204 | 204 077 


— ——————————n———E————— aŘnħŘħ 
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The wire gauge and turns have been 
estimated from the measured D.C. resistance 
and inductance and the calculated A.C. 
resistance is based on these estimated values. 
There were also small variations in the 
measured dimensions, but for ease of cal- 
culation the average values of D, b and f 
throughout the series was used. Thus the 
loss ratio in the last column can only be 
taken as representing approximately the 
importance of the copper loss. 

Other examples will be given later in 
illustrating points of design. The above 
examples are however sufficient to show 
that the basis of design must be that for 
minimum copper loss and not (as many people 
suppose) from the point of view of dielectric 
Oss. 


16. Design of Inductance Coils for Minimum 
Copper Losses—General Principles. 


The general problem to be solved is to 
find what form of coil to use and what 
diameter of wire to employ to produce a 
coil having a given inductance and the 
smallest possible resistance at a given 
frequency. In regard to the form of the 
coil, factors other than the resistance and 
inductance also enter into the problem. 
Thus if we are considering a frame aerial the 
turn area enters into the question, as this 
determines the E.M.F. induced by a given 
external field. It is also sometimes con- 
sidered that a flat type of coil is advanta- 
gcous, as then we may obtain close coupling 
with another similar type of coil. It has 
even been suggested that the type of coil 
should be based upon the ease with which 
it mav be adapted to existing types of plugs 
and plug holders. Relative costs of con- 
struction also play an important part in 
deciding between the relative merits of two 
coils so that, other things being equal, a coil 
which will give the requisite Inductance with 
few turns is to be preferred to one requiring 
many turns, as the former coil will be quicker 
to wind. It is clearly therefore impossible 
to lay down a definite rule and say that a 
coil of any particular shape is the best coil 
for all purposes. 

We mav, however, prescribe certain con- 
ditions to fix our problem and find the 
“best ” coil fulfilling these conditions. 


For the purpose of comparing coils of 
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different shapes we will take three different 
assumptions as follows :— 


(a) The volume of the copper is the same 
for all coils. 

(b) The same length of wire is used in 
all coils. 


(c) Each coil occupies the same space. 


The first method of comparison is equiva- 
lent to the old D.C. problem in which a given 
amount of copper was available and it was 
required to utilise this copper to give the 
best D.C. time constant (ratio of inductance 
to resistance). The resulting shape of co'l 
is sometimes referred to as the most eco- 
nomical shape. This would only be true if 
the cost of the copper were the main cost 
of the coil or if the other costs remained 


constant. For the second method of com- 


parison to be fair, the coil costs must be 
mainly proportional to the length of the 
wire. This seems fairly reasonable, especially 
in the case of stranded wire coils where the 
wire is expensive, and also takes into account 
the fact that the cost of winding depends 
largely on the length of wire. The third 
method is of value when compactness is an 
important consideration. A small difficulty 
arises in deciding how to detine “ space 
occupied.” If we express this by mere 
overall volume of coil our equations lead us 
to a single layer disc coil of very large 
diameter, but of negligible length, a form 
which 1s by no means compact. If we 
measure space occupied by the overall 
diameter (as was done by Prof. Fortescue) 
we are led to a very long solenoid. Prof. 
Fortescue got out of this difficulty by point- 
ing out that after a certain length the gain 
in resistance was small and therefore recom- 
mended a coil of length equal to the diameter. 
If, however, we wish to give both length and 
diameter due weight the most suitable 
criterion appears to the writer to compare 
coils of equal surface area, and the Tables 
to be given refer to coils satisfying this con- 
dition. The coils compared on this basis 
therefore fall in diameter as the length 
increases, and the disc coil is kept of finite 
diameter. If sketches of a series of such 
coils be drawn they appear to the eve to 
be about equally compact, except perhaps 
for the long, small-diameter solenoids. 
However, it turns out that we have passed 
through the region of efhcient coils before 
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reaching this stage. This mode of com- 
parison may seem somewhat arbitrary, but 
it is necessary to make some such assumption 
to put the matter upon a numerical basis. 
In addition, it turns out that if the com- 
parison be made on assumption (a), (b) or 
(c) the resulting best shape is nearly the 
same, and the difference between coils in 
the neighbourhood of the “ best ”” shape are 
so slight in regard to increase of resistance 
that the designer is left with considerable 
latitude to fulfil conditions of good coupling 
or of accommodation into various shapes of 
spaces without thereby departing seriously 
from the best resistance conditions. 

As regards the equally compact coils 
(condition (c)) the vertical columns of the 
Tables are absolutely valid and tell us the 
best depth of winding to employ for any 
given ratio of length to overall diameter. 


17. Inductance of Coil. 


As we are going to compare coils of equal 
inductance, we require an equation connect- 
ing the inductance with the dimensions and 
turns of the coil. The equation for the 
inductance will be written 

L,N?D 
L o -. (36) 


in which Ly is a shape factor and is given by 
the following Table, and L is the required 
inductance in pH. 


TABLE VIII. 
VALUES OF Lo. 


b/D 0.000 0.125 aan 


| 0.375 | 0.500 
t/D | 
0.0 | Inf. 18.68 14.43 | 12.02 10.37 
O.I | 17.46 12.92 10.52 8.93 7.78 
0.2 II.5I g.10' 7.58 6.49 5.68 
0.3 782. 6.33 ' 531, 4.57 4.00 
0.4 5.220: 4.27 3-59 - 3.08 2.09 
0.5 3.48 2.82 2.37 ) 2.03 1.73 


18. Design for Given Volume of Copper. 


We will first compare coils which are all 
wound with the same length and diameter 
of wire. If the length of the wire be / we have 


l = 2 N(D-1t) = 7ND (1-t/D) ... (37) 
Now for each possible shape of coil equation 
(36) will determine N:D in terms of the 


421 


July, 1926 


inductance, and equation (37) will determine 
ND in terms of the length of wire, so that 
the two equations may be used to find N 
and D separately. As we pass from one 
shape of coil to another the values of N 
and D will vary, as (36) and (37) involve 
shape factors. Now in the resistance 


. equation (35) the D.C. resistance will be 


the same for all the coils and also the functions 
F and G will be the same. In fact the only 
quantity that varies for different shapes 
of coils is the factor KN/D. The best 
shape of coil is clearly therefore the one 
which yields the minimum value for KN/D. 
If we use (36) and (37) to express N and D 
in terms of shape factors we find that KN/D 
is proportional to K(1-—?¢/D)3/Lo? = ĝ say. 
The values of ¢ are given in Table IX. 
The Table shows that the best coil is a 
single-layer coil having a winding length 
equal to one-third its diameter. The best 
single-layer disc coil should have a winding 
depth equal to one-quarter the external 
diameter. If a multilayer coil is desirable 
the Table shows that there is a wide range 


TABLE IX. 
VALUES OF $ = K (1 — t DP Le. 
M.L. = Multi-layer. 


S.L. =Single-layer. 


l 


| 

b/D | 0.000 | 0.125 0.250 0.375 | 0.500 

| l 

| | | | 

“n | | 
o | S.L. | 0.087 | 0.075 ' 0.075 | 0.077 
M.L. | 0.120 | 0.102 | 0.100. 0.102 

S.L. | M.L. | 
O.I 0.090 | 0.125 | 0.102 | 0.101 | 0.106 ' O.I14 
0.2 | 0.080 | 0.106 | 0. TOL | 0.110 | 0.120 | 0.130 
023 | 0.079 | 0.110! 0.118 | 0.130 | 0.144 | O. IDI 
0.4 | 0.101 | 0.124 | 0.142 | 0.158 | 0.182 | 0.200 
0.142 | 0.103 | 0.187 | 0.212 | 0.230 


0.5 pos 


| | 


of choice, and if we make 5t + 3b = D we 
shall never depart greatly from the condition 
of maximum efhciency. 

Next, keeping the shape constant, let us 
suppose a series of coils wound with different 
diameters of wire, the length of wire being 
chosen so that the volume of copper remains 
constant; that is, / must be proportional 
to r/d? Again the number of turns and 
the overall diameter will vary from coil to 
coil. The inductance equation (36) shows 
that N2D remains constant and (37) shows 
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that ND is proportional to l. Hence N 
is proportional to I/l and D to l? so that 
N/D is proportional to 1,4'), that is to d“. 
In the resistance equation (35) the D.C. 
resistance R varies as /jd? oras 1/d+. The 
functions F and G also vary. For low 
frequencies F is negligible and G varies as d'. 

Then from these variations and (35), 
the skin resistance R, { = R(t + F)} is 
of the form 4;d! and the general field re- 
sistance Ry is of the form Bd!“ where A 
and & are independent of diameter. 

The whole resistance mav therefore be written 


A 
R: = R; + Ri = g t Bae (38) 


The best diameter of wire is found by 
differentiating (38) with respect to d and 
equating to zero. Doing this we find 

2R, = 7R, .. eee (39) 

For high frequencies F and G are large 
and both proportional to d. In this case 
R, is of the form A';d' and Ra of the form 
B'd't, The minimum occurs when 

3R, = IIR, we (40) 

The difference between conditions (39) 
and (40) is so slight that we may say that for 
any frequency the best diameter is such 
that R, = 3.6R». 

The practical method of deducing the 
proper diameter is deferred to a later section. 


19. Design for Fixed Length of Wire. 


If coils of equal length of wire are compared, 
the best shape is found exactly as in the 
last section. The best diameter is however 
ditferent, as we now suppose the different 
coils wound with the same length of wire 
in all cases. 

R now varies as I'd? and fora given shape 
N'D remains constant. Hence at low fre- 
quencies KR; is proportional to I d? and R, 
to d! so that by the method of the previous 
section the condition for the best diameter 
becomes 

R; = 2K; ... ... (41) 

At high frequencies R, is proportional 
to 1:d and Rr to d and the best diameter 
condition is 

R, = R; vite wks (42) 
20. Design for Fixed Overall Surface. 
The overall surface S of the coil is given 


by the formula 
S= 42 D? (1 + 2b/D)... (43) 
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It is clear that if we take a coil of given 
shape and inductance the condition of con- 
stant surface fixes the diameter of the coil 
and the inductance then fixes the number 
of turns. Hence the length of wire is fixed 
and the best diameter of wire is therefore 
the same as in the last section. 

The best shape of coil depends to some 
extent upon the frequency. 

For low frequencies the condition R= 2R, 
makes d? proportional to D/KN, and when 
the condition is satistied 

R: = 6p N (D—?)/d? we. (44) 
or on elimination of d, Rc is proportional to 
(r—t'D) (K2N*D)! 

The inductance equation (36) and the 
surface equation (43) enable us also to 
express N and D in terms of shape factors, 
and we obtain finally 


R. = A K? (1—t D) (14-26 D) Lo è (45) 
in which 4 is proportional to f? L»!8/S'. 

By a similar process of reasoning in the 

case of high frequencies we obtain 
R. = BK (1-t D)(1+2b D} Lo (46) 
in which B is proportional to f? L/S} 

To compare various shapes of coils we 
must therefore calculate the shape factors (45) 
and (46). The results are given in Table X. 

On comparing these Tables with Table 
IX., it is seen that the best coils for a given 
space are somewhat longer than the best coils 
for a given amount of copper, but, owing 
to the slow variation in the neighbourhood 
of minimum resistance, the same general 
rules mav be taken to applv in both cases. 
The advantage of single laver coils is again 
apparent. 

A studv of the numbers in the vertical 
columns is instructive, as the numbers 
in any one column refer to coils of equal 
outside surfaces and we therefore see how 
faritis profitable or otherwise to increase the 
winding depth. Thus if we have decided 
that it is convenient to use a winding length 
equal to one-quarter the overall diameter, 


the column b;/)) = 0.25 tells us the best 
resistance we can get for various winding 
depths. 


The first four numbers show that as we 
pass from single to multilaver coils, keeping 
the winding depth very small, there is a 
progressive increase in resistance. The 
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remaining five numbers give the effect of 
dimimshing the internal diameter keeping 
the external diameter constant. There is 
a diminution in resistance until £/D = 0.15 
and then the resistance increases again, 
but the gain obtained by increasing the 
winding depth is not enough in this case to 
counterbalance the loss in passing from a 
single layer to a multilayer coil. 


It must be emphasised that these com- 
parisons refer to coils of equal inductance, 
so that for each winding depth the turns 
are always adjusted to satisfy this condition ; 
also the diameter of wire in each case is 
such as to give the minimum resistance 
for each shape. In this respect the com- 
parison differs from that usually made in 
comparing various shapes of coils, where it 
is nearly always assumed that the diameter 
of the wire 1s constant. 
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21. Large and Small Coils compared. 


The forms of the A and B factors in (45) 
and (46) enable us to answer the question 
as to what advantage may be expected 
by increasing the diameter of the coil. 

Since S is proportional to D3 for a given 
shape, the form of A shows that for low 
frequencies the “ best” resistance varies 
inversely as the square root of the diameter 
and for kigh frequencies the “ best” re- 
sistance varies inversely as the diameter as 
is seen from the form of B. 

The reason for the slow increase in. 
efficiency with increase of coil diameter 
at low frequencies is seen when we consider 
the variation of “ best ” space factor with 
coil diameter. 

The area of winding section available 
per turn is proportional to D2/N, and, 
if the inductance is held constant, N2 is 


TABLE X. 
RELATIVE RESISTANCES OF COILS OF EQUAL INDUCTANCE AND EQUAL SURFACE. 


(4) Low FREQUENCIES. 


| 
b/D 0.000 Q.125 0.250 0.375 ; 0.500 0.625 | 0.750 0.875 
OT o EA NE e i, hoe Ta. 
| one layer 0.89 0.75 0.71 0.70 0.70 0.71 
0.0 | two layers 1.07 0.88 0.83 0.81 0.80 0.81 | 
three layers 1.09 0.90 0.84 0.82 ' 0.82 0.83 
| multilayer 1.1X 0.92 0.86 0.84 | 0.83 0.84 
| SL.) M.L. 
OI , 0.96 1.19 0.92 0.87 0.86 0.88 — — 
0.2 © | 0.79 0.95 0.86 0.88 0.89 0.90 -- — 
0.3 ; 0.78 0.92 0.91 0.94 0.97 1.00 — — 
0.4 0.84 0.95 0.99 1.03 1.08 1.13 — — 
0.5 0.91 1.02 1.06 I.II 1.17 IZI — — 
(B) HIGH FREQUENCIES. 
í | MAKIO 
b/D | 0.000 0.125 | 0.250 0.375 0.500 0.625 0.750 ' 0.875 
t/ D | | | l 
| (one layer 1.81 1.32 1.18 : 1.12 I.I2 I.T2 I.I4 
two layers 2.36 1.68 I.49 I.40 1.39 1.38 1.39 
0.0 J three layers 2.44 1.74 1.44 1.43 1.42 1.42 1.43 
multilayer 2.51 1.79 1.49 1.49 1.45 1.45 1.46 
| 
S.L. | M.L. i 
OI j 1.95 2.70 1.82 1.60 1.54 1.55 — = | — 
0.2 1.43 1.90 1.59 1.59 1.61 | 1.64 — — | — 
0.3 1.26 1.76 1.70 1.72 1.78 | 1.86 — ee x — 
0.4 1.50 1.82 1.88 1.93 2.06 | 2.17 — — | — 
o5 | 1.68 1.98 | 2.00 2.16 2.27 2.37 — — | — 
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proportional to 1/D. Hence as the coil 
diameter increases the area commanded by 
a turn varies as D5/2, On the other hand 
the best diameter of wire is proportional to 
(D/N)s that is to Dt when the inductance 
is held constant, so that the copper area only 
increases as the diameter of the coil. 

Thus although there is a rapid increase 
in available space for the turns we cannot 
take advantage of this as we would increase 
the A.C. resistance of the coil by filling the 
space with copper. The only way to make 
further use of the available space is to use 
stranded wire instead of solid wire. 


NoTE.—Since the publication of the previous 
instalment of this article, Mr. A. L. M. Sowerby 
has published an article in which inductance 
coils of various forms are compared experi- 
mentally (E.W. & W.E., June, 1926). He 
arrives at the conclusion that there is a 
“best” spacing but not a “ best ” ratio of 
length to diameter. His results are not, 
however, in contradiction with theory as 
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the coils prepared by him all had equal wire 
diameters. In Table I. of Mr. Sowerby’s 
paper it is shown that the H.F. resistance 
remained constant for a large variation of 
length-diameter ratio. Fortunately, Mr. 
Sowerby also adds a column giving the 
D.C. resistance of the various coils, which is 
shown to pass through a definite minimum. 
Since the diameter of the wire is constant, 
this means that the length of wire employed 
passes through a minimum, and therefore 
there is a “ best” shape, viz., that which 
will produce the coil with the minimum 
amount of wire. Similarly, if we calculated 
the spaces occupied by each coil as defined 
by condition (c) above, we should find a 
“most compact” coil in Mr. Sowerby's 
series. These remarks seem to emphasise 
how careful one must be in deciding what is 
the best shape of coil, and shows why so 
many different recommendations have been 
made from time to time. 


S. BUTTERWORTH. 
12th June, 1926. 


Among the Experimental Transmitters. 


listeners is already becoming a nuisance to 

those amateur transmitters who are engaged 
in serious research. A great number of these cards 
undoubtedly fulfil the desired object of furnishing 
transmitters with useful reports concerning their 
tests, but we fear that an ever-increasing number 
is sent out merely with a view of collecting “ wall- 
paper,’’ and resembles the quest by small boys for 
cigarette cards. The senders of these worthless 
cards appear aggrieved if the recipients fail to 
reply. One amateur informs us that if he were to 
send a reply to every QSL card he receives, it would 
be necessary for him to engage a secretary for that 
purpose only, and the cost in postage would be 
very considerable. 

Perhaps the best solution to this difficulty would 
be for transmitters to devise a code which would 
signify the nature of the reports desired. An 
experimenter working on comparatively high power 
would probably only be interested in reports from 
distant stations, while one conducting tests on 
low-power might welcome cards from listeners at 
all ranges; another might only be interested in 
fading effects or meteorological observations, and 
cards merely stating that his signals had been 
heard would be of no material use. We suggest 
that the T. & R. Section of the R.S.G.B. should 
consider this matter and arrange some such code. 
Listeners who wish to help experimenters will 
then know what special records are desired, while 


Ts indiscriminate output of QSL cards by 


mere collectors of wallpaper will tacitly be warned 
that no contributions to their collections may be 
expected from that particular source. 


Norwegian and Danish Amateurs. 

We understand from correspondents in Norway 
and Denmark that amateurs in those countries are 
now able to obtain transmitting licences. 

In Norway licences are being issued for trans- 
mission on 3—6, 29-35, 43—47. 09-75 and 
100—120 metres. The aerial power must not 
exceed 20 watts. The licencee must possess certain 
technical qualities and be able to send and receive 
at least 12 words per minute. The annual fee is 
fixed at 30 kroner. QSL cards should be sent via 
the Norsk Amatoer Sender Union, Oslo. The nation- 
ality prefix adopted by Norwegian amateurs is LA. 

Our, Danish correspondent states that the 
maximum input allowed to amateurs is 100 watts, 
and the wavelengths allotted are: Below 15 
metres, 43—47. 70—75 and 95—115 metres. 
Transmission is not permitted between 7.30 and 
10.30 p.m. (18.30—21.30 G.M.T.). Through the 
courtesy of the Telegraph Department, the call- 
signs allotted will begin with the figure 7, and the 
letters used will, as far as possible, be the applicant’s 
initials; this arrangement allows previously un- 
licensed experimenters to retain the call-signs they 
have hitherto used. QSL cards may be sent via 
Mr. James'Steffensen (D7JS), Ehlersvej 8, Hellerup, 
Denmark. 
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The Multi-Range Ammeter of Constant 


Resistance. 


[R384.6 


By L. G. A. Sims, M.Sc.(Eng.), and M. Heywood Hunt, M.Sc. (Eng.). 


of an ammeter, by placing shunts of 

suitable value across the instrument, 
is one which appeals particularly to the 
radio experimenter, since a single reliable 
meter can readily be arranged to perform the 
work of several, with greatly reduced outlay 
in the first instance. 

The presence of such a shunt naturally 
alters the resistance of the complete instru- 
ment, as far as the external circuit is con- 
cerned ; a fact which, perhaps, is not always 
fully appreciated, since the cases in which it 
assumes an importance are comparatively 
infrequent. 

For really accurate work, however, and 
in certain types of circuit, this alteration of 
resistance of ammeter and shunt, when used 
on different ranges, should be taken into 
account, and it is the object of the present 
article to indicate certain modifications of 
the ordinary shunted instrument which, 
while im no way limiting the utility 
of the meter as a multi-range instru- 
ment, yet ensure that the total resistance 
of the circuit will not be altered appre- 
ciably when changing from one range to 
another. 

Before proceeding to describe the pro- 
posed modifications of the ordinary shunted 
instrument it would, perhaps, assist the 
reader in following the subsequent argu- 
ment if a brief consideration of the case 
of the simple shunted instrument is 
recalled. 

Suppose that the instrument gives a 
certain deflection when a current 1, flows 
through it, and suppose that we wish to 
shunt it in such a manner that we get the 
same reading when a current I=m., is 
flowing through the combination. 

Let the resistance of the instrument alone 
=r;. and the resistance of the shunt to be 
added =r,. 


To practice of extending the range 


Then the combined resistance of ammeter 
and shunt is given by 


-V tet 
R.= =] ss (0 


The shunt must have such a value that 
the current flowing through the instrument 
is still 4, while the total current is 7.2,. 

Hence, for direct current, the current 
through the shunt is (n—1). 4. 


Since (1 —I).4,.7s =i. fg 


we have 7,= | wen | a .. (2) 


Substituting in (I) for rs we get :— 


whence R= re i sa (3) 

We want to arrange matters so that the 
combined resistance of the ammeter and 
shunt shall be the same as that of the 


SERIES 


Fig. 1. 


Fig. 2. 


instrument when used by itself, and in order 
to secure this condition we shall have to 
insert an extra resistance in series with the 
combination. Consider now the circuit 
shown in Fig. 1. Let R, be the total 
resistance between the line terminals under 
the new conditions. 
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We have 
R=y;E [zez] 
fe tiid 


But as on its lowest range we shall require 
the instrument to read directlv, without a 
shunt, and as on all 
resistance between line terminals is to be 
constant, then R; = re. 

From (3) we have :— 


R= ra kon ee ee (4) 


These expressions are quite generał, and we 
may, as a check, take the case when the 
instrument is reading directly. Then »=1. 


From (5) [ £ | = =r for this case. 
fe +r, n 

This is only satisfied when. 7, is infinitely 

large compared with »,, that is to say when 

the instrument is not shunted. 


Also from (4) 7, + - Vg = Ve, Ziving r, =O, 


Which is also correct for this case. 

Equations (4A) and (2) provide the neces- 
sarv information concerning the values of 
the shunt and series resistances required, in 
terms of the ammeter internal resistance, and 
the particular multiplving factor desired. 
Accordingly, a set of such resistances could 
be constructed and mounted in the case 
contaming the instrument, together with 
suitable switches for changing the series and 
shunt resistances, according to the required 
ratio. 

The arrangement would then be as shown 
in Fig. 2 in which a rotating wiper moves 
over two sets of contact studs. It is needless 
to add that, for accurate work, this switch 
should be a sound mechanical job, since 
small contact resistances will easily upset 
the values of the shunt resistances, especially 
on the higher ranges, and will falsifv the 
readings. An alternative method would be 
to employ plugs, or even terminals, though 
the latter would be undesirable for rapid 
changing from one range to another. 

There is, however, a method which is 
superior to that previously described, so far 
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as the question of changing the shunts and 
series resistances is concerned. It will be 
seen on reference to Fig. I that the two 
resistances 7, and 7, can really be regarded 
as one single resistance, with the ammeter 
placed across one end and a tapping point. 

Now it is possible, by taking suitable 
tapping points, so to arrange matters that, 
when a portion of the resistance in shunt 
with the ammeter is cut out, it is added, at 
the same time, to the total resistance in 
series. The amount which is removed from 
the shunt can be arranged to be almost 
exactly the required addition to the series 
branch. It cannot be arranged to be quite 
the correct amount, as will be shown below, 
but the error involved is very small ; smaller 
in most cases than the error involved in 
reading the instrument, and the simplifica- 
tion obtained is considerable. The arrange- 
ment in this case will take the form shown 
in Fig. 3. 


b c Rs 


a LINE 


Fig. 3. Fig. 4.' 

When using the instrument direct, the 
link between terminals b and c is opened, 
and the flexible lead from one side of the 
ammeter is connected to terminal b (No. 1). 
For other ranges, it is connected to terminals 
2, 3, 4, etc., and the link between b- 
and c is replaced. 

The resistance between the line terminals 
will be practically constant for all ranges, 
and equal to the resistance of the ammeter 
itself within very close limits. 

We will now consider the design of suitable 
resistances. to convert an ordinary ammeter 
into a constant resistance, - multi-range 
Instrument. 

Taking first the case of a fairly high 
resistance instrument, such as would be 
emploved for the measurement of small 
currents, we have :— 

Resistance of instrument, 7,=30 ohms. 
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Required : 
ranges :— 


7, and 7, for the following 


m=I10, 100, 1,000. 


For the case where =I the instrument is 
used by itself. 


For n=IO.: 
7, =30/9=3.333 ohms. 
1—I 
n= = | 7:27.0 ohms. 


For n=I0oo: 
r, =0.303 ohm. 
7,=29.70 ohms. 


For n=1,000 : 
7, =0.03003 ohm. 
=29.95 ohms. 


The above values are absolutely correct 
for constant resistance between terminals. 
For the approximate method described, 
we shall take the value of the shunt resistance 
as correct. This will mean that the amount 
of series resistance on each range will not 
be exactly correct, but will have the values 
calculated below. 

For cases n=10 and n=100 respectively, 
r, =3.333 ohms, and 0.303 ohm. 

The amount of resistance eliminated, in 
changing from range »=Io to range n=100, 
is therefore equal to 3.030 ohms, which value 
becomes the added series resistance. For 
1=IO, 7,=27.0 ohms. 

The actual series resistance for 100, is 
therefore equal to 30.03 ohms. 

The value required from the theoretical 
-equation is 29.7 ohms. It will be evident 
that we have added slightly more resistance 
than is actually required. 

Similarly, the amount of shunt resistance 
eliminated in changing from range »=100 
to range n=1,000, is equal to 0.273 ohm, 
very nearly. 

The added resistance now becomes 30.303 
ohms, the theoretical value being 29.95 
ohms. 


Taking the expression :— 


[nt ite Jor 
“En 

and inserting the values found for 7, and 7, 

for the various ranges, we can find the 


actual resistance of the combination on any 
range. 


427 


July, 1926 
Thus, for n= 10, R, (total resistance) 
=30 ohms. 
for n= 100, R; =30.324 ohms. 
for n=1,000, R, = 30.3325 ohms. 


The percentage errors for the respective 
ranges are therefore :— 


0.0%, 1.07%, I.11%, very nearly. 


We can, however, obtain a useful general 
expression for the error in the total resistance 
when this approximate method is employed. 

It is very important to notice that, because 
the shunt resistance is always accurate, the 
ratio “ n ” is accurate in all cases, and the 
approximation has no effect upon the reading 
of the instrument on any range. 

In considering the error in overall resist- 
ance, it is advisable to change slightly the 
symbols previously employed. 


Let K =the first ratio of the series. 
n =any ratio of the series, as pre- 
viously. 
R =shunt resistance, calculated from 
the equations we have derived, 
and applying at ratio K. 
R,=series resistance calculated from 
the equations at ratio K. 
R,=total resistance between terminals 
on any ratio. 
ře =instrument resistance alone, as 
previously. 
As the ratio is changed from the first value K 
let the shunt resistance R assume successive 
values 7,, 72, 7», etc. Then, referring to 
Fig. 4 we see that the following applies. 
On ist Range : 
R= œ 
R,=0 
On 2nd Range: 


Instrument alone. 


n 
from equations (2) and (44A). 


Up to this point everything is correct, but 
on succeeding ranges the value of R, is not 
calculated, but is simply increased by the 
amount of shunt resistance eliminated on 
changing to those ranges. 

Hence, added series resistance as R changes 
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to ry (where N is the number of ranges 
counted after the second) 


= R—r,+(7,—7.) + (rr) + e. +(x — Px) 


= (R—ry). 
Thus total series resistance is given by 
R.+ (R—rx). 


Hence on any range where the approxima- 
tion is used we have 


R, = R, R—ry) : 
+ ( )+ K i aJ 
Thus we have 


R, _ /K—ı I I I 
Te =( K = cael a 


_ This Pa down to 


K? —K a 
“Lio a = 


As rg is the constant value of resistance 
which we have approximated, the above 
expression gives the error at once. It will 
be noticed that the error depends only on 
the ratios used, and that it becomes slightly 
greater as the value of the ratio increases, 
in a given range of ratios. For ratios of 
the orders IO, 100, etc., the error is about 
I per cent., rising to about 5 per cent. 
for ratios of the orders 5, 25, etc. A 
short consideration will show how vastly 

” * [This formula may be written 

R I I 

vg ST > K(K—1) nm iy 
Since the ideal is to make R, /rg = 1 this expression 
gives the error as a fraction, or, if multiplied by 100, 
as the percentage error. Since m is usually at least 
5 or 10 times K, the second term is negligible and 
the percentage error is equal to 100/K(K—1). If 
K = 5 this gives an error of 5 per cent., whereas 
if K=10 the error becomes 1.11 per cent. A com- 
parison of these figures with those given by the 
authors in the last column of the table shows the 
accuracy of the approximation.—G. W. O. HJ 
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superior to the case of the simple shunted 
instrument this is, and it should be remem- 
bered that the error can be entirely eliminated 
if the approximation is not employed. The 
following table has been compiled from the 
foregoing equations for two high resistance 
instruments, such as the radio experimenter 
would be likely to employ, and for a low 
resistance instrument. Equations (2) and 
(4A) are those from which the required shunt 
and series resistances are calculated. 


| | 


| Per cent. 
Instru- | error 
ment Shunt | Series from 
Ratio. resist- resist- , resist- |constant 
ance. ance. | ance. resist- 
| | ance. 
a ee Sects 
1 to 1 instr. ! 
alone .. 1160hms œ 0.0000 | 0.00 
10 to I t 12.8870 104.4000! 0.00 
- oe Ta, 
IGO to I j | 1.1717 116.1170 | I.IIO 
1,000 to I di | ©.IIĜI 117. 1830! 1.111 
| | , 
1 to 1 instr. ae | 
alone .. ; 30 ohms: co 0.0000 0.00 
| 
KORNIKO] | 
Io to I = | 3.3333 LE 0.00 
100 to I i lon. 3030 30.0300 I.IIO 
1,000 to I 0.0300 | oio I.IIZ 
SS ee = eo Ta o: —— (IJ E imo, esir 
I to I instr. | 
alone 1.0 Ohm co 0.0000 | 0.000 
5 tol gu = 0.2500 0.8100 | 0.000 
—— — m 
25toI .. ' = 0.4170 | 1.0083 4.975 
125toI .. ia 0.0081 1.0419 | 4.999 
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A New Theory. 


The Effect of the Moon on Radio Reception. 


By Derek Shannon (5PX). 


to be solved in connection with the 

transmission and reception of wireless 
or ether waves, is the effect experienced on 
long-distance reception of variation of signal 
strength from a given input power to the 
transmitter and stable and unaltered con- 
ditions at both receiving and transmitting 
ends. 

For instance, a station will be received 
quite satisfactorily for a considerable period 
of time, perhaps for some weeks, and then 
for some unknown reason the signals from 
that station will become quite or nearly 
inaudible on the same receiver; this con- 
dition may last for some days, and then for 
no apparent reason the signal strength will 
again become normal, without anything 
having been altered in either transmitter or 
recelver. 

This effect has nothing to do with the well- 
known phenomenon of increased signal 
strength at night, which is believed to be due 
to an ionised layer of gas in the upper 
atmosphere, known as the Heaviside layer, 
so called after the originator of this theory, 
the late Oliver Heaviside. 

My purpose here is to suggest an entirely 
new theory to account for the cause of this 
variation in signal strength at different 
periods of time, of which nothing very much 
appears to be known. 


Oe of the outstanding problems still 


I have carried out a great deal of experi- ` 


mental work to prove my theory, and I have 
now arrived at some definite results, which 
other workers in the field can follow up for 
the benefit of radio science. 

I have noticed from time to time when 
listening to radio transmissions from distant 
stations that on very moonlight nights 
results always appear to be much better 
than at other times, especially on trans- 
missions from American or other far-away 
stations. This led me to wonder whether 
the moonlight had something to do with this 
effect, so I commenced to make notes of 
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good nights and bad nights for reception, 
and after a certain period of time I found 
that good reception always occurred during 
the period of full moon, even when locally 
the moon was obscured by clouds or bad 
weather. 

So I have come to the conclusion that it is 
not the moonlight which has the effect of 
increased signal strength, but the rotation of 
the moon round the earth. 

From observations I have taken on the 
reception of KDKA, the East Pittsburg 
station, U.S.A., at a distance of 3,500 miles, 
over a definite period of time using a very 
constant receiver and a special device for 
measuring the received signal strength, I 
have noticed that as the moon commences 
to decline from full so does the received 
signal strength also decline (this, of course, 
is in direct opposition to our present know- 
ledge, that as the rays of the sun grow 
stronger over the path of the received signal, 
the strength of the signal declines). As the 
moon declines still further the signal strength 
diminishes and at the time when the moon is 
invisible, ż.e., when the moon is between the 
earth and the sun, the signal strength is at 
zero. As the moon begins to move towards 
the first quarter the signals show an increase 
in strength, at first slight, but rapidly 
increasing until about three days before the 
moon is full, when maximum strength is 
registered which remains until about three 
days past the full. Signals then begin to 
fade and the process is repeated through the 
next lunar month. 

I will now proceed with the description of 
the apparatus used for these tests. There 
were many factors to be considered in the 
choice of a constant and stable receiver, and 
the problem was especially difficult on the 
short wavelength on which KDKA trans- 
mits, namely 63 metres. I finally decided 
to make these tests on this station, as it is 
a fairly constant transmission, and at a 
sufficient distance to make fading and changes 
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in signal strength apparent. After much 
consideration and many tests, I finally decided 
to use a simple one-valve circuit with two 
stages of low-frequency amplification. The 
greatest trouble I considered would be the 
use of reaction, which of course had to be 
used to enable reception to be obtained from 
KDKA. 

However, I overcame this difficulty by 
using the Reinartz circuit and method of 
reaction control, and fitting it with a very 
fine screw vernier adjustment, and .a fine 
scale with a pointer for accurate setting. 

Once this was set at a critical point it 
was never touched again during the whole 
test period, and the set remained quite 
constant in its action. Also, the set was 
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Fig. 1. 


fitted with a filament voltmeter and am- 
meter and a plate voltmeter and milli- 
ammeter (Weston) to ensure always having 
the exact conditions in the receiver every 
time it was used. 

The aerial consisted of a single wire L 
type 7/22, 50 ft. long with 20 ft. down lead, 
and 4o ft. high at both ends. The aerial 
was stretched as tightly as possible between 
the masts and kept strained by means of a 
weight on one halyard, so that no capacity 
change should take place due to the aerial 
swinging or otherwise moving. The aerial 
was aperiodically coupled to the receiver. 

The earth connection was only Io ft. long, 
single 14-gauge copper, taken straight to a 
main waterpipe right below the set. Every 
part of the apparatus was rigidly fixed to 
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the test bench. No loose leads were allowed 
to hang about, and the whole of the wiring 
was done with 4 ft. of square tinned copper 
wire. V24 valves were used both for 
detector and low frequency. The low-fre- 
quency amplifier was used for listening to the 
transmission on phones. For the actual 
measurement of the signal strength an 
extremely sensitive mirror galvanometer was 
used. 

The deflection was not very great, but was 
magnified by focusing the light spot ona 
special screen. 

I so arranged matters that a full scale 
deflection of the light spot travelled over a 
scale of 10 inches. The screen was of ground 
glass with the scale marked on it, and 


Circuit arrangement employed for the observations. 


divided into 10 divisions, each division 
being again split into 10, the object of this 
being to enable a graph to be prepared on a 


squared paper chart. 


The galvanometer was inserted in series 
with the plate of the detector valve, and 
shunted by a variable resistance to enable 
adjustments to be made. The light spot 
was then adjusted to zero on the scale with 
no signals coming in, but with the set 
switched on and tuned to 63 metres. When 
the carrier wave of the station came in, the 
galvanometer dipped, and the scale was so 
arranged that the dip showed as an increased 
reading, that is to say, the scale was arranged 
actually the reverse way round, so that the 
reading should commence from zero and 
‘finish at 10. 
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Fig. I shows the circuit arrangements. 

When all was prepared a preliminary trial 
was made every night for one week to test 
if the apparatus would remain stable without 
adjustments, and this was found to be so, 
provided all values of voltage and current 
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23rd February, the night of the new moon,. 
and continued every night until 24th March. 
the night of the next new moon. Owing to 
KDKA not transmitting on the short 
wavelength on Sundays, no reading is shown 
for this day. 
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Fig. 2. 


on filaments and anodes were kept adjusted 
exactly as when the apparatus was first set. 
A start was made on Ioth January, 1925, at 


11.30 p.m., this date being the night of full ` 


moon, and observations were taken until 
12 o'clock. Slight variations took place 
during the half hour, but a reading was taken 
every five minutes, and an average was 
struck, this average being entered on the 
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Fig. 3 shows the graph of these observa- 
tions. 

It will be noticed that in each case a rise 
in. signal strength is indicated towards full 
moon, Which falls off agaim as the moon 
declines. Of course the graph does not show 
a straight line up and down, but we must 
take into consideration the fact that slight 
alterations may take place in the actual 
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graph. This test was made every night 
until 8th February, the night of the next 
full moon. 

Fig. 2 shows the graph of these observa- 
tions. 

A second test was made commencing on 


transmitter, which would account for this, 
but this does not alter the fact that the 
strength rises as the moon increases and falls 
as the moon declines. 

At the present time I am occupied in 
trving to devise a set with a number of 
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stages of H.F. amplification, and a carbor- 
undum rectifier in which no reaction will be 
used. This will be used on a higher wave- 
length, and I would suggest that anyone who 
wishes to carry out experiments in this line 
of research should proceed on these lines, as 
the elimination of reaction would remove the 
greatest variable factor. I would also lay 
great stress on the necessity of making every- 
thing as rigid as possible, and the whole 
apparatus must be untouched during the 
period of the test. I must also add that the 
readings indicate the carrier wave strength, 
and not the amount of modulation; this 
is verv important, as the modulation of 
a telephone transmitter, especially at a 
broadcasting station, is constantly being 
altered, and would provide no indication of 
strength of reception. 

On many occasions during these tests, the 
actual speech transmission was nearly in- 
audible, but the carrier wave was extremely 
strong. I mention this fact so that if anyone 
makes such tests they will take no notice 
of the actual strength of the speech or music 
received, but will only deal with the strength 
as actually shown on the galvanometer, 
Which is the carrier wave strength. 

Referring to the circuit shown in Fig. 1, 
the values of components used are as 
follows :— 


Li—5 turns I6 D.c.c. Close wound 
on 3 in. former. 

L2—Io turns 16 D.c.c. Close wound 
on 3in. former. Reaction tap at third 
turn. 

1L3—200 Burndept plug-in coil. 

C1—.00025 Sterling vernier. 

C2—.00025 Sterling vernier. 

C3—.0003 Dubilier. 

C4—.002 Dubilier. 

C5—.002 Dubilier. 

C6—2pF Mansbridge. 

G7—.002 Dubilier. 
L.F. transformers 
Telephone Co.) 

Grid-leak. (.5 megohm.) 

Valves. (V24 Marconi-Osram.) 

Meters. (Weston.) 

Filament voltmeter (0-6). 

Filament ammeter (0-10). 

H.T. voltmeter (0-100). 

Plate milliammeter (0-15). 


(Ashley Wireless 


The mirror galvanometer must be of a 
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very sensitive type, and the variable resist- 
ance placed in shunt must be of sufficiently 
low resistance to pass the plate current. 
Great care must be taken, when adjusting 
this resistance to obtain the zero reading, 
that the galvanometer is not burnt out; it is 
advisable to set the resistance at its lowest 
value so that the galvo is practically short 
circuited when first switching on the set. 

The station required is then tuned in, and 
all meter readings should be carefully noted ; 
then wait until the station has closed down, 
and adjust the galvanometer to zero by 
means of the shunt resistance. 

When the next transmission takes place 
the galvanometer will read the strength of 
the carrier wave, and you can then make 
your tests night by night during the lunar 
month. 

One more word of warning. When taking 
the readings of the galvanometer, it is 
advisable to stand as far away from the 
apparatus as possible in order that the set 
may not be affected by body capacity, as 
this would give a false reading. 

I have spent many months making these 
observations, and have carefully checked the 
results of the nightly tests, and there seems 
to be no possible doubt that this effect is 
produced by the moon. I suggest that the 
variation of signal strength is caused by the 
gravitational effect of the moon and the sun, 
acting on the ether waves and bending or 
deflecting them from their course, in the 
same manner that light is bent or deflected 
by gravitation. This, of course, is for mathe- 
maticians to decide, and I only advance it 
as a probable theory which seems to be 
backed up by my actual observations. 

A fact which, to my mind, helps to bear 
out my theory is that daylight reception is 
also affected and shows this increase and 
decrease, as the moon moves through her 
various phases. There is, however, one small 
factor which must not be overlooked, which 
is that usually during very bright moonlight 
nights the atmosphere is much more free 


. from moisture than at other times; and this 


may have some bearing on the alteration of 
signal strength, by reason of the fact that 
the insulating materials used in the construc- 
tion of the transmitter and receiver would 
be more efficient when free from moisture. 
But I do not think this 1s the reason, as even 
when the moon is full, we get bad weather 
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at times, yet the signal strength remains 
good when the moon is full even on damp 
nights. So I am led to the conclusion that 
the increase and decrease is due to the com- 
bined effect of the gravitation of the moon 
and sun, which as I have stated is backed 
by my actual observations and experiments. 
I am at the present time engaged on a 
fresh series of observations, using more 
delicate and accurate instruments? for 
measuring and recording the variations of 
signal strength, and I am taking much 
greater precautions to exclude any factors 
which might give false results. I hope later 
to place on record the results of these further 
tests. However, in the meantime I hope 


*A suitable instrument for use as the plate 
galvanometer is the suspended moving coil; 
micro-volt-ammeter (ex-Government), which can 
be obtained from Messrs. Leslie Dixon & Co., 
9, Colonial Avenue, Minories, London, E.1. 
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these few notes will open a new field of radio 
research and will enable other investigators 
to follow up what may prove to be a help 
to the advancement of radio science. 
In conclusion, I would add that I have 
questioned a very large number of people 
as to whether they have noticed any definite 
period for this increase and decrease of signal 
strength, and in all cases I find they can call 
to mind that they have noticed a certain 
time period, but they have never attached 
much importance to it. One experimenter 
whom I questioned (who lives in North 
Wales on the sea-coast) did say he had always 
noticed a distinct rise in signal strength as 
the tide came to high water and diminished 
as the tide receded. This, of course, would 
point to some lunar influence, and I am 
perfectly sure that this influence plays a 
much greater part in radio reception than 
has hitherto been suspected. 


Wireless Aerials and the Landlord. 


By a Barrister. 


ERE is, unfortunately, always a 
| certain opposition set up against a new 
invention. There was a time when 
motorists were opposed by property owners 
and by magistrates who did not hesitate to 
express their public disapproval of ‘‘ that 
noisome and loathsome disturber of the 
peace—the motor-car.” And wireless ex- 
perimenters will doubtless have their troubles 
of a similar kind until the voice of universal 
popularity drowns the cry of the opposition. 
An instance of the type of difficulty that 
may be met with bv the innocent listener-in 
is furnished by the disputes which are 
arising in certain quarters between landlords 
and their tenants. The landlords feel appre- 
hensive that when a tenant puts up a wireless 
outfit some danger will result and damage 
will be done to the property. The attaching 
of wires to chimney stacks, fences, and trees 
is enough to cause alarm in the minds of 
some landlords, and among others there 
is the not uncommon fear that wireless 
apparatus attracts lightning and may be- 
come thereby a source of danger. 
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The landlords accordingly attempt to 
prohibit wireless fixtures of any kind, and 
seek to enforce the prohibition by threats of 
ejectment or increased rent. It is useful 
to inquire, therefore, what rights the land- 
lord has in respect of a tenant's radio outfit, 
and how far the tenant can go without risk 
of legal action. 

It should first of all be remembered that 
where a tenant has no written lease for a 
definite period of years, or is unprotected 
by the Rent Restrictions Acts, the landlord 
can, on giving proper notice (a month or a 
week, as the case may. be), turn the tenant 
out without giving any reason at all. 

And, of course, if the tenant has promised 
the landlord not to put up any wireless 
apparatus, or has accepted a lease containing 
a clause prohibiting wireless fittings, the 
tenant will be bound by such undertakings 
on his part, and can be sued for damages if 
he puts up any apparatus. 

But in general a tenant to-day is either 
protected by the Rent Act and cannot be 
turned out, or he has a lease for a number 
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of years and, therefore, cannot be ejected 
until his lease ends or is terminated by some 
breach on his part. 

Now let us see what breaches of the 
terms of a lease would be committed by 
a tenant who sets up a wireless aerial. It 
depends, of course, on the terms of the lease, 
but most leases have somewhat similar 
terms, namely, that the tenant shall keed 
the premises in ‘“‘tenantable repair and 
condition,’ that he shall do no damage, 
that he shall insure against dangers of various 
sorts, and other terms of that nature. 

In general, all these terms embody a 
promise by the tenant not to injure the 
property. And if these terms were not 
expressly agreed upon, they would always 
be implied. But it must be noticed that 
such terms do not protect the landlord 
against future damage. They only give 
him a right of compensation for damage 
which has actually been done. 

So when a tenant puts up an aerial support 
and damages the property in doing so, the 
landlord can sue him for the damage, and 
can obtain from the court an injunction 
preventing the aerial from being put up 
again. But this action by the landlord can 
only be brought when damage has been done. 

There may be cases where a landlord might 
bring an action to prohibit the continuance 
of a structure or of something which is 
bound to do damage ultimately. But it is 
not at all certain yet that the mere erection 
of a wireless aerial is bound to be a source of 
danger to property. Consequently, so long 
as a tenant does no actual injury, his wireless 
apparatus should be considered in the same 
class with domestic fittings which he has 
every right to put up so long as they are 
put up in a reasonable and proper manner. 

With regard to insurance, this is a matter 
for the tenant in any case, whether he is 
under an obligation to insure or not. For if 
the premises are damaged, or struck by 
lightning, the tenant would in general be 
under an obligation to renew the damaged 
premises. So it is better to be insured 
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against all risks. Some insurance com- 
panies make no objection to wireless appa- 
ratus, some make a small extra charge to 
cover whatever risk there may be. But it 
is better for the tenant to cover himself in 
every case. | 

Sometimes there is included in the tenant’s 
lease a term forbidding the erection of any 
“building or thing” upon the premises. 
Such a term would, of course, cover a wireless. 
mast and perhaps aerial wires. But a 
clause in the lease prohibiting building would 
not prohibit masts or aerials. Every tenant 
should read his lease carefully and see 
exactly what he has promised his landlord 
before defying him, or even before fitting 
an aerial. 

This is especially necessary in the case of 
flats and tenement houses, where the terms 
are rather strict. It should be remembered 
that the tenant of a flat has only his own 
rooms and the outer walls of those rooms. 
The roof generally remains the property of 


the landlord. Consequently the tenant would 


have no right to go upon the roof, much less 
attach his wires to it. The same might also 
applv to semi-detached houses with a 
common chimney-stack, and the tenant of 
one house would need to get the consent of 
his neighbour before fitting the aerial sup- 
ports to the chimnev. 

The case of a tenant cf furnished rooms 
is somewhat similar to that of a tenant of a 
flat, but a distinction must be drawn between 
the tenant of a flat let furnished and a 
lodger who has his own room. A lodger in 
such a case has no rights over the premises 
and ought not to so much as stick a nail in 
the wall without the landlord’s permission. 

Wireless is, however, growing more and 
more popular and is beginning to be regarded 
as an object of domestic convenience if not 
a necessity to modern comfort, and most of 
the difficulties foreshadowed above will 
disappear as wireless gets more universal 
and as landlords and tenants in their 
tenancy agreements arrange terms which 
include the fitting of wireless apparatus. 
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Low-Frequency Intervalve Transformers. 
Paper read by Mr. P. W. WILLANS, M.A., before the Wireless Section, I.E.E., on 2nd June, 1926. 


Abstract. 


HE paper gives a detailed consideration 
| of the low-frequency intervalve trans- 
former from the combined aspects of 
theoretical considerations, a method and 
result of experimental measurement, and 
the application of both to the actual design 
of a commercial pattern of transformer 
developed by the author. In the latter 
part of the paper notes are also given on 
various methods of connecting the trans- 
former, especially with a view to an increased 
range of constancy of amplification. 
After a brief note of previous work on 
the subject, the author reviews theoretical 
considerations. From discussion of Fig. 1 * 


Fig. 1. 


vz = input sinusoidal voltage. 
v's = output sinusoidal voltage. 


R, = primary resistance. 

L, = primary inductance. 

L, = secondary close-coupled inductance. 
l, = secondary leakage inductance. 

¥, = secondary effective resistance (shunt). 
C, = secondary effective capacity. 

m = valve magnification factor. 


o valve internal resistance. 
o = step-up ratio. 


and its equivalent circuit, the following 
approximate expression is derived for the 
eitective voltage step up :— 
— g Ve 

mo 


— 


= — 
pee —w?l Ct jpe| a C+ l: = = ee | 
Vo N Y apo“, wL, 
Special cases are then discussed in detail 
under the general headings: 1. Loss-free 
close-coupled transformer; 2. Effect of 


“The authors original figure numbers are 
adhered to throughout this abstract. 
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damping on close-coupled transformers; 3. 
Transformer with magnetic leakage but no 
losses ; 4. Transformer with both losses and 
leakage. The conclusions reached on the 
general theory and special cases are :— 


1. The performance of a single-stage 
transformer amplifier may be expressed as 
a vector voltage amplification ratio, con- 
sisting of a fraction whose numerator is 
independent of frequency and whose denomi- 
nator consists of a real part X and an 
imaginary part Y, both, in general, varying 
with frequency. 

2. The imaginary term Y vanishes for 
a certain frequency (the resonant frequency) 
determined mainly by L, and C,. The 
extent of variation on either side of this 
frequency is determined by the ratio C,/L,, 
the step-up ratio o and the valve resistance p, 
the constancy being greater the smaller 
these quantities. The values of Y are 
identical for any two frequencies bearing 
inverse ratios to the resonant frequency. 
It is important that C, and 1/Z, should 
separately be made as small as possible. 
The value of o can then be adjusted in 
conformity with p so that the required 
degree of constancy of Y is attained. 

3. The real term X vanishes for a certain 
frequency which is dependent upon the 
secondary leakage inductance l, capacity 
C, and resistance rą The variation is 
steep above this critical frequency but 
tends to constancy at low frequencies. The 
lower the values of /,, C, and 7,, the higher 
is the frequency for which X vanishes, but 
a low value of 7, impairs the efficiency. 

4. Since X is not governed by o we 
cannot ensure constant amplification by a 
reduction in ratio. The best that can be 
achieved is the adjustment of o until 
(X2+Y2) is constant over a band of fre- 
quencies, but the width of this band is 
determined by the degree of constancy 
achieved for X. 

5. Setting aside the alternative of apply- 
ing a damping resistance to the transformer 
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windings, the problem of design resolves 
itself into increasing L, to the utmost, and 
at the same time minimising C, and /,. 
This necessitates a determination of the 
winding space occupied by the primary 
winding, but not of the number of turns 
with which this space is filled. 


to 
w 


Ls EC 
(a) (b) 
s oM © 
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Fig. 3. 


The paper next deals with experimental 
measurements and results. The method of 
measuring the performance of a transformer 
is shown in Fig. 3, where it will be seen 
that the method is a bridge one, employing 
a rule observation. By using the dotted 
inductance L, the CL circuit can be used 
with the bridge for frequency determination. 
By setting S, to its upper position and S, 
to its right-hand position the connections 
of Fig. 5 are utilised for balancing the two 
valves B and B', the filament of one or 
the other being varied until extinction is 


Fig. 5. 


obtained. Earth balance is effected on the 
Wagner principle by the variable resistance 
and C, and measurement finally adjusted. 
With S, and S, in their lower and right-hand 
positions respectively, the connections of 
Fig. 6 are given for final measurement of 


436 


EXPERIMENTAL WIRELESS & 


the ratio v’,/vz. This ratio is equal and 
opposite to the ratio of the voltage across 
the arm 2—4 and that across 1—4, and is 
given by 


and 
va La. R' + R 
vo R’—R+w?R°C2+ 7wR2C 


according to whether the condenser switch 
is at (a) or (b). Calculation of the scalar 
amplification and of phase angle are alse 
illustrated in the paper. 

During the course of the work, a large 
number of transformers were tested. Some 
were already on the market, others were 
tentative designs, while others were actual 
samples drawn from production of the 
final design adopted by the author’s firm. 


Fig. 6. 


A specimen tabulation of results and the 
method of calculating the scalar amplifica- 
tion factor and other functions of the trans- 
former constants are shown in a table. 
A set of results are shown graphed in Fig. 7. 

The author then describes a low-leakage 
transformer developed by himself in con- 
junction with Mr. M. Ward, B.Sc. Both 
l, and C, had to be minimised, the former 
being a point that had not previously 
received sufficient consideration. In order 
to reduce leakage inductance the customary 
method of divided and interleaved windings 
was adopted. The first attempt, without 
special precautions, gave too high mutual 
capacity. The sections were accordingly 
spaced apart until no appreciable gain in 
this respect was obtained by further separa- 
tion. The result was a transformer having 
the characteristics shown in Fig. I0. 

A sectional view of the transformer is 
shown in Fig. II. The sections C each 
consisted of about 5,000 turns of 44 S.W.G. 
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enamelled wire, while the gauge and number The defect of the transformer character- 
of turns of the section B varied according istic is its inefficiency at lower frequencies, 
to transformer ratio. Separation of sections which has been made good in a later design. 
was effected by means of the star-shaped Arrangements are also described and 
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Frequency (kilocycles/sec) 
Fig. 7. 
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millboard separators shown. Four different illustrated for the use of the bridge arrange- 
ratios were specified, t.e., 2.7: I for a 40,000 ment for the determination of the voltage. 
ohm valve, 4: 1 for a 16,000 to 18,000 ohm factor m and internal impedance p of the 
valve, 6: I for a 7,000 ohm valve, and 8:1 valve. Ina section on the choice of a valve, 
for a 4,000 or 5,000 ohm valve. it is concluded that considerable gain is to 
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be expected from the employment of a 
valve of high amplification factor and a 
transformer of conservative step-up ratio. 
As an ofiset, however, it is a matter of great 
difficulty to produce such a valve with a 
sufficiently straight characteristic to avoid 
asymmetric distortion at the high and low 
frequencies respectively. Such a valve is 
therefore of greater advantage in the earlier 
stages of an amplifier where the voltage is 
small. : 
The effect of inter-electrode capacity is 
then considered, especially from the stand- 
point of the impedance introduced into the 
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grid circuit by the reactive effect of this 
capacity. It is shown that this impedance 
consists of two parallel branches: (a) A 
capacity equal to Cy (the anode-grid capacity) 
Which can be counted as part of the trans- 
former capacity, and (b) an impedance that 
can be represented by a condenser of value 
mCy, in series with a resistance the value of 
which varies with frequency and may be 
positive or negative. This resistance has 
zero value at the resonant frequency of the 
transformer, is negative below tlus fre- 
quency, and positive above it, remaining 
positive however high the frequency is 
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raised. In the absence of magnetic leakage 
the only effect of any consequence is at 
high frequencies. With magnetic leakage 
(as l, of Fig. 1), if /,Cw*>1 the resistance 
is again negative, and may give regeneration 
at higher frequencies. This appears to be 
the cause of whistling and distortion on 
the upper frequencies that is sometimes 


encountered. 
e ioj 
IK 


Finally, the author, devotes a section to 
various intervalve transformer connections. 
The primary series condenser circuit of 
Fig. 15 is described, the anode here being 
fed through a choke coil. The equivalent 
circuit is discussed, and an expression 
derived for the amplification. From this 
1t is concluded that the disadvantage of the 
arrangement would appear to be an increased 
tendency towards asymmetric distortion at 
low frequencies, although test results quoted 
in a table shows considerable uniformity of 
scalar voltage amplification over the range 
200 to 1,000 cycles. 

The use of low frequency reaction is 
illustrated in Fig. 17. The transformer 
windings are oppositely connected so that 
ø is negative, and Ly should be arranged 
so that its impedance at practical low audio- 
frequencies is large compared with R. In 
practice Lọ may be fixed and R a variable 


Fig. 15. 


Fig. 17. 


resistance of the graphite leak type. The 
arrangement gives a good range of constant 
amplification, experimental results on this 
point being shown in a table. The circuit is 
quite workable in practice. If R be increased, 
a setting is reached where oscillations occur 
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on a very low frequency. On setting R 
to a value close to but definitely below this 
point, a stable arrangement is obtained, 
with a great increase in the lower frequency 
amplification. 

The last arrangement discussed is an 
auto-transformer circuit shown in Fig. 18, 
due to Messrs. Graham & Ricketts. The 
connection is such that o is positive, and 
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Fig. 18. 


the effect of the arrangement is roughly to 
increase ø to (o +1). Results of measure- 
ments, shown in a tabulation, reveal a 
fairly flat-topped curve of amplification. 


DISCUSSION. 


Mr. P. K. Turner thanked the author for the 
excellent detailed work on transformers, and 
congratulated him on the fact that by his work 
he had achieved a transformer giving results for- 
merly considered impossible. He criticised some 
of the symbols used in the mathematical work 
as being non-standard, and sought information 
on the values of magnetisation encountered in 
such transformers. He considered that a funda- 
mental objection to the bridge method of measure- 
ment was that it had no A.C. load in the anode 
‘circuit of the valve joined to the transformer. 

Mr. H. A. Thomas said that Mr. Turner’s reference 
to the bridge method had covered some of his 
proposed remarks, notably as regards the absence 
of load in the output valve. He had tried a similar 
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bridge method and quoted changes which he had 
observed according to the conditions of experiment, 
and sought information from the author on this 
subject. 


Mr. H.L. Kirke dealt with the series condenser 
system, especially from the point of view of ampli- 
fiers working to land lines for broadcast relay. 
The arrangement had proved very free from 
distortion. Iron distortion was also non-apparent 
if certain values of magnetisation were used. 


Mr. C. G. Garton spoke of transformer design 
with large leakage and large self-capacity. With 
these it had been found possible to get a flat curve 
up to 5kC, while the arrangement was ‘less ex- 
pensive. He strongly maintained the soundness 
of the bridge method with no reactive load. This 
gave a measure of the effect of the transformer, 
which was the chief point of measurement. 


Mr. C. F. Philips considered the bridge method 
elaborate and involving much calculation for the 
arrival at results. He outlined a double slide-back 
system for giving stage magnification, which he 
said gave good results and was easy and convenient 
in practice. 

Dr. R. L. Smith-Rose congratulated the author 
on the rational and scientific manner in which 
he had tackled the problem of transformer design. 
He asked for information as to the lowest frequency 
used for test, pointing out the need for improved 
features of the curve below 250 cycles. Considered 
on a pitch basis this was very important. The 
existence of load in the second anode gave a measure 
of complete amplifier performance, and the chief 
necessity was not merely for a transformer but 
for a total amplifier giving linear response. 


Mr. Willans briefty replied to some of the points 
raised. He particularly defended the bridge method 
as showing the transformer performance and 
permitting the sorting out of different eftects. 
In practice, it had shown great constancy of 
results and close agreement between theory and 
experimental verification. 


On the motion of the Chairman (Major B. 
Binyon) the author was accorded a very cordial 
vote of thanks. 
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Constructing a Self-Contained Ballistic 
or Deadbeat Spot Galvanometer. 


By F. A. Boyce. 


market are eagerly snapped up, while 

new ones of the ordinary deadbeat type 
range from {15 to £25; it appeared, there- 
fore, worth while to construct one. By so 
doing one could at any rate incorporate one’s 
own ideas. 


Gis galvanometers on the second-hand 


[R384.6 


2. Ballistic or Deadbeat.—Spare bobbin 
units are unnecessary. The instrument is 
converted from ballistic to deadbeat and 
vice versa by a switch on the front terminal 
panel, 

3. Simplicity.—Skill is of less impor- 
tance than patience in its construction. 


Fig. 1. 


Apart from being inexpensive the galvano- 
meter to be described has several ECNE 
advantages :— 

1. Self-contained.—That is to say, No 
external focused beam or scale is required. 
The spot-light is permanently focused 
upon a ground glass screen forming part 
of the containing cabinet, Io inches from 
the mirror. 


Fig. 2. 


The suspended coil type of galvanometer 
with a taut wire at the top and a loose con- 
necting wire below is extremely susceptible 
to mechanical jars; moreover, levelling 
screws must be provided to obtain freedom for 
the coil. The galvanometer under considera- 
tion has, however, taut wires both top and 
bottom and once set up takes very rough 
treatment to disturb its action. 
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The general assembly is clearly shown in 
Figs. I and 2; the parts in Fig. 2 have 
been numbered and are described in detail 
subsequently. 


Item 1.—The Magnets. 


There are two magnets, each made up of 
two laminations three-eighths of an inch 
thick. The whole was bought from a 
“surplus ” dealer for 2s. 6d., which, we 
should imagine, is the lowest figure one can 
expect to give. 
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up to 2} by 2} inches to fit exactly between 
the poles of the magnets, and then left in 
a dying fire to anneal. Two }-inch brass 
plates were cut and squared to the same 
dimensions and fixed to the steel by the 
method shown. In this connection it is 
important to fix the centres of the screws so 
as to avoid the side screws which hold the 
steel to the magnets. 

The marking out to exact centre, drilling 
or boring of the central I-in. hole through 
23 inches should be done accurately ; in fact, 
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Fig. 3. 


It would appear that sizes are more or less 
standard, the dimensions of succeeding items 
therefore have been given in order that the 
original may be followed if desired without 
modification. 

Apparently the degree to which the original 
magnetism is retained is not important, since 
before the galvanometer is finally assembled 
the magnets can be re-magnetised for two 
shillings or thereabouts. On the other hand, 
it is essential to select magnets having con- 
venient fixing holes; this should not be 
difficult. 

Item 2.—Pole Shoes. 


A piece of 1-in. mild steel was next obtained 
from a local engineer; this was squared 


it is probable that the time expended by 
oneself on this job is out of all proportion to 
the labour charge of an engineer who has a 
precision lathe amongst his equipment. 

After the side fixing holes have been 
drilled and tapped }-in. Whitworth, the 
plates can be removed and the sharp edge 
filed away from the shoes to the ĝ inch given 
in the sketch. 

Item 3.—Central Core. 

This is also mild steel, turned from rod, 
and placed, like the shoes, in a dying fire to 
soften. A single fixing hole was used. 

The core is seated upon a distance piece 
shaped from brass #-in. thick to )-in. at 
the middle line. When later assembling, a 
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screw of such a length must be chosen that 
it will pass through the arm (Item 5) and 
one of the brass plates of the pole shoes 
(Item 2), as well as the distance piece 
mentioned. 


Item 4.—The Bobbin. 


Bobbins of insulating material and of 
metal were tried, as well as the alternative— 
a former wound coil—but it was decided that 
a carefully constructed former of relatively 
substantial aluminium was the best in order 
to obtain uniformity and balance throughout. 
Hard sheet aluminium ,-in. thick was 


Fig. 4. 
obtained and carefully marked out as shown 


in Fig. 4 (a). A sharp knife was used on 
the narrow parts and shears with extreme 
discretion on the end pieces. Two small 
rivet holes were made to coincide and tiny 
lead rivets used for fixing. 

Two pieces of high grade ebonite were 
next squared up to fit between the projections 
on the aluminium former, and when assembled 
should leave a winding space of at least j in. 

The pivot pins as well as the cross rivets 
are of IO S.W.G. brass wire. If a No. 52 drill 
be used it will be found that the wire pins 
can be driven home by gentle taps of a small 
hammer. Accuracy is essential, of course, 
in fitting the pivot pins, but the side holes, 
for holding pins only, can be drilled with 
the ebonite in position. 

The bobbin should be examined before 
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winding, in order to make sure that it is 
rigid and well balanced. The balance 
can be more or less tested by pressing the 
bobbin by the pivots lightly between the 
thumb and second finger and causing it to 
spin by a tap on one edge. Thus far, the 
side pins may be drawn out and the alu- 
minium given a heavy covering of shellac, 
left to dry and finally baked. 

The winding consists of 250 to 300 turns of 
44 S.W.G. enamelled wire. The long sides 
must be watched closely to see that no turns 
slip over the edge. An ebonite former was 
made to fit snugly inside the bobbin, and 
through a central clearance hole a length 
of 4 B.A. studding was inserted, while a 
nut on either side held the former squarely 
in position. A small hand-drill was mounted 
in the vice to take the other end of the 
studding. After testing for continuity the 
end pieces were reassembled, the wire ends 
soldered to the pivot pins and the bobbin 
covered with shellac and baked again. 


Item 5.—Suspension Arm. 


A straight Io inches of square section brass 
rod (3 by 4 inch) was drilled with five elear- 
ance holes, the dimensions and details 
of which are clearly shown in Fig. 4.(d). It 
will be seen that the arm is fixed to one 
of the shoe-plates; marking-out, drilling 
and counter-sinking of the arm, and the 
tapping of two holes in the plate again 
obviously calls for accuracy. 


Items 6 and 7.—Suspension Blocks. 


These are of brass to the dimensions given 
in Fig. 5(a), 3-in. square section, recessed at 
one end to fit closely over the suspension 
arm, while at the other a hole is made the 
centre of which. is located exactly over the 
centre of the space between the pole shoes. 

The assembly of the top block is. also 
shown in Fig. 5(a). The ebonite knob and — 
terminal top can, of course, be any other 
shape than that shown so long as the latter 
runs easily, but without side play over the 
4 B.A. studding which passes through a. 
clearance hole in the block. The side set 
screw is useful for securing the adjustment. 

Particular note should be made of the 
lower end of the studding which is filed flat. 
to its centre and tinned in readiness for the 
torsion wire or strip. 

The suspension block (Item 7) at the lower 
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end of the arm differs somewhat in detail 
from the top member. The clearance hole 
has been widened to take the studdimg, 
which is inserted into a short length of 
-Sistoflex or other good msulating sleeving 
having fairly thick walls. At the same time 
two locking nuts, having between them a 
light soldering tag, butt against two ruby 
mica washers, thus insulating the studding 
and ‘fittings from the block. The studding 
at this point is also filed to its centre to 
receive the wire. 

When the instrument was finished it was 
found that considerably more thought could 
have been given to the design of the top 


Fig. 5. 


block to facilitate adjustment of the bobbin 
to give a spot at central zero. However, 
setting is not troublesome as jt stands. 


Item 8.—Suspension Wires. 


For the purpose of the initial assembly and 
try-out, 44 S.W.G. bare wire can be used 
to suspend the coil between the pole shoes 
only. If the work has been accurately 
carried out and the winding nicely packed 
the bobbin will swing freely. On the other 
hand, there may be one or two mistakes 
to rectify with a half-round file applied 
lightly to the inner sides of the shoes. In 
such a case one must not forget the filings, 
which perhaps will not be noticed until the 
magnets are added and may be found to 
block completely the free action of the 
coil. Later, wire or strip for the suspension 
can be fitted as required according to the 
sensitivity sought. 

Certain grades of tinsel are obtainable 
which are composed of plated copper strip, 
and the micrometer gives the thickness as 
0.02 mm. with a width up to 0.5 mm. 
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The tinsel was tried for suspensions both 
top and bottom, and it was gratifying to find 
that the galvanometer was extremely 
sensitive though requiring very careful 


adjustment to prevent the coil fouling the 


pole shoes. It was then realised that if a 
break occurred while the instrument was in 
use a great deal of time would be wasted 
in readjustment, and since the aim was 
to obtain nearly one centimetre per 
microampere it appeared that some metal 
could be spared from the shoes. “The central 
hole, therefore, was increased by one-eighth 
of an inch, this being accomplished in a 
lathe by packing up the side plates to give 
clearance to the tool, otherwise, of course, 
the plates would have been cut away. 

Such an increase appears to be a drastic 
measure, but it followed on observations 
taken. The scale was marked in 0.5 centi- 
metre divisions with the intention of adding 
millimetres later. 

Reassembling, using tinsel drawn taut 


“both top and bottom, a deflection of 24A 


per cm. was obtained deadbeat, and as a 
ballistic instrument the coil had ample 
room ; moreover, the instrument required 
to be levelled approximately only. Further, 
deflections taken to the right and left of zero 
tallied beautifully. 

It is recommended, of course, that the 
metal parts be lacquered or protected bv 
any other means. The brass can be treated 
with hot or cold lacquer, while the mild 
steel can be blued or blue-lacquered. 

Item 9.—The Mirror. 

This was purchased from Messrs. Negretti 
and Zambra for 4s. gd., and it is understood 
that they made two or three for stock when 
supplying the original. The mirror is half 
an inch in diameter, having a focal length 
of IO inches. The top of the bobbin was. 
covered on the front lightly with shellac 
and the mirror pressed upon it, in a very 
short time the shellac was tacky enough to 
allow the mirror to be adjusted correctly.* 


Cabinet and Fittings. 
The drawing of the cabinet was entrusted 
to Mr. Carrington, of the Carrington Manu- 


facturing Company, Normans’ Buildings, 
Central Street, E.C. The finished article 


= [This method of fixing is likely t to lead to dis- 
tortion of the mirror, giving a very bad spot. A better 
way is to make a small aluminium foil clamp.—Epn]. 
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was found to be exactly to dimensions given 
in the accompanying sketch (Fig. 6), to- 
gether with a wooden block measuring 4 by 4 
by 54 inches. 

The cabinet is of %-inch polished teak 
with the exception of a teak-finished 5-ply 
back board. The top is fastened with 
wood screws through brass bushes, and is 
therefore removable as required. At first 
sight such a construction appears to be weak, 
but it must be remembered that at no time 
will the instrument be roughly handled, 
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while the sketch Fig. 5(b) gives outside 
dimensions. When cutting away the box in 
front to take the panel ample holding space 
for the wood screws must be left. 

Though the bobbin in itself is a short- 
circuited turn of generous cross sectional 
area the currents set up therein do not 
react sufficiently on the field to render the 
action deadbeat, it is therefore necessary 
in this particular instrument to provide 
an external load in the form of a non- 
inductive resistance. Six yards of 42 


| | 


Fig. 6. 


and except for the fitting of the parts, the 
top will always be on. 

There is an aperture of I inch across the 
top of the front, the exposed edges being 
grooved to take a strip of finely ground 
glass. The latter was marked off in 0.5 
and I cm. divisions, and no difficulty was 
experienced in printing the figures back- 
wards. It did not appear necessary to use a 
fixing solution since the ground side of the 
glass is inside and the Indian ink can come 
to no harm. 

Also, on the front is a small ebonite 
panel which carries a two-way switch, 'a 
telephone jack, and, at the back, a batten 
holder for a small screw-type lamp. Fig. 
7 shows the general location of the panel, 


S.W.G. covered Concordin was used, having 
a resistance of 813 ohms, wound back on 
itself in the usual way, arranged as a 
shunt to be thrown in or out of use by the 
switch mentioned above. The ballistic stud 
of the switch is blank, of course. In this 
case the shunt reduces the deflection for a 
given current by 25 per cent., but it kills 
any oscillation of the bobbin instantly ; 
moreover, the actual resistance is not 
critical. If one seeks, therefore, to make the 
galvanometer deadbeat to a reasonable degree 
only, an adjustment of the resistance when 
first assembling provides means to set the 
deflection to multiples of a centimetre to 
coincide with multiples of a microampere. 
The lamp is the ubiquitous 44-volt flash 
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tvpe fed by an Ever Ready battery of 
generous capacity held inside and against 
the side of the cabinet by a brass strip and 
two wood screws. | 

A plug-and-jack connection to the galvano- 
meter does duty in three ways. First, the 
double contact is utilised to give direct 
connection from the galvanometer to external 
instruments ; secondly, the act of inserting 
the plug switches on the filament current 
to the lamp by the usual method of a double 


Fig. 7. 


circuit jack, and finally, by no means the 
least important, the method itself provides 
protection to the instrument since an 
accidental tug on the flex simply pulls out 
the plug. The capacity of the flex itself 
does not matter, for when taking observa- 
tions of resonance curves and the like it is 
usual to shunt the galvanometer leads with 
a condenser. 

The insulating properties of the distance 
pieces used in the construction of the jack 
must be carefully watched. It is essential 
to get a jack of good quality. The first one 
tried in this case leaked, upsetting readings 
to the extent of one and a half microamperes. 

The Focus. 

For the spot light upon the ground glass 
screen we have not attempted to project a 
moon bisected by a sharply focussed hair 
following, we believe, the usual practice. A 
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watchmaker's glass of 24-in. focus has been 
strapped and mounted on a slotted brass 
arm. The lens itself has been covered with 
tinfoil across which was carefully drawn a 
knife, which procedure gives a hair line of 
brilliant light upon the scale; in fact, the 
line of light is no thicker than the division 
lines. 

Finally, a brass cover was added to protect 
the top adjustment. The item seen in the 
photograph is perhaps of larger diameter 
than necessary, but the tube and other 
brass were to hand, and it must be added 
that after fixing it will be found that in re- 
moving the cover from its push-fit base there 
is always a final jerk, so that if the tube 
were smaller the top suspension would 
probably suffer. 


General Remarks. 


In experimental work a spot galvanometer 
is essential. Its obvious D.c. job is in the 
measurement of high resistances or leakage 
paths by Ohm’s law, or as a sensitive balanc- 
ing galvanometer used in conjunction with a 
Wheatstone bridge. 

It is admirably suited to work in the 
measurement of inductance and capacity at 
radio frequencies. The personal element 
present with telephones is eliminated by 
placing the deadbeat instrument in series 
with a carborundum detector or valve 
rectifier (no H.T.), the outside terminals 
then being connected across the circuit to 
be measured. Care must be taken to make 
the galvanometer circuit of as high a resis- 
tance as possible consistent with a readable 
deflection. A calibrated valve oscillator set 
up and coupled loosely to the circuit under 
test completes such an arrangement. Know- 
ing the wavelength, capacity and induc- 
tance values can be calculated; this test 
at once suggests others involving the same 
terms. In the plotting of resonance curves 
for the calculation of high frequency resis- 
tance the galvanometer is invaluable. 

On the ballistic side, the logarithmic 
decrement can be calculated from observa- 
tion and the capacity of a condenser deter- 
mined absolutely, or commercial results 
obtained by comparison with a standard.* 


* Two ballistic uses. the above and the measure- 
ment of mutual inductance, are given in The 
Calculation on Measurement of Inductance and 
Capacity (Nottage), Chaps. 4 and 3 respectively. 
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Mathematics for Wireless Amateurs. 
By F. M. Colebrook, B.Sc., A.C.G.I., D.LC. [510 


(Continued from page 378 of June issue.) 


(D) The Fundamental Laws of Algebra. 

Multiplication. 

| EFORE plunging into this subject the 
Brite would like to anticipate a 

criticism which is likely to be brought 
against this and perhaps some other parts 
of the series, namely, that a deal of breath 
is being wasted in expounding the obvious 
and the familiar. For instance, the con- 
clusion 

3X4=4X3 


may be regarded as a poor return for the 
investment of a large number of words. 
There are probably many readers who will 
say or think, “I know all about simple 
multiplication. Let's geton to the calculus.” 
The implicit assumption that one needs to 
know all about multiplication before going 
on to the calculus is right enough, but such 
readers are invited to reconsider the first 
part of the statement. Anyone who knows 
all about multiplication should be able to 
give clear answers to the following questions 
and to many like them :— 


I. Since one can multiply volts by 
amperes and call the product “ watts,” can 
one multiply oranges by apples? If not, 
why not ? 

2. Since one can multiply inches bv 
inches and call the product “ square inches,” 
can one multiply apples by apples and call 
the product “square apples”? If not, 
why not ? 

3. Can one multiply a number bv a nega- 
tive number? (The writer would be pre- 
pared to offer long odds against this one 
being answered correctly.) 


The following discussion of the subject is 
recommended to the attention of all those 
who feel at all uncertain about the answers 
to the above questions. 

Multiplication in algebra is a generalisation 


of the corresponding process in arithmetic. 
Let us therefore go back for a while to the 
multiplication tables: 3Xx 5=15. Three 
multiplied by five is fifteen. We learned it 
by heart a long while ago and have probably 
never given it another thought. Giving it 
another thought, we realise that it means. 


3X5=343734343=15, 


t.e., five groups of three ones combined 
together make up the group that we have 
agreed to call fifteen. In other words, 
multiplication 4s addition, a rather special 
case of addition in which all the numbers 
added together are the same as one another. 
We owe a great deal to the ingenious person 
(probably a Greek or an Arab) who realised 
that this special case of addition could be 
written down in a very short way. 

Expressing the process in algebra terms, 
t.e., by means of letters which for the 
present will be taken to mean any positive 
whole numbers, 


axb=a-+a+a-+a 
written down ù times. 


Notice that although a and b are both 
numbers in the case of pure arithmetical 
multiplication, there is a difference between 
them when the process refers to groups of 
things, which things must of course be things. 
all of the same kind, whether volts, amperes, 
cabbages or kings, “a” is the number of 
things in each group, and “ b ” is the number 
of groups, so that axb means “b” groups 
of “a” things. On the other hand bxa 
means “a” groups of “b” things. We can 
see that the total number of things is the 
same in the two cases. Starting with “b” 
groups of “a” things, take one out of each 
group. This will give one group of “b” 
things, and since this process can be repeated 
until all the “a” things in each group are 
used up, 7.e., “a” times, the final result of 
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the rearrangement will be “ 


a” groups of 
“bo” things. 


In symbols this is 
(ax b)= = (b xaj. 


It is one of the most important properties 
of the process of multiplication and is called 
the Law of Commutation. In (axb), “a” 
is called the multiplicand and “b?” the 
multiplier. (axb) is called the product of 
“a” by “b.” In practice the explicit 
multiplication sign or St. Andrew's Cross is 
often omitted or replaced by a dot, thus— 


axb=a.b=ab. 


The product (axb) can be considered as 
a single group and as such can be multiplied 
again, e.g., (aXb)xc. Further, it can be 
shown that 
(axb)xc=ax(bxo). 


The proof is not immediately obvious, but 
it will not be given in full as it would take 
up rather a lot of space. The easiest steps 
are 

(axb)xc=(bxXa)xc. 


By writing out the right-hand side fully 
and bv regrouping the symbols, it can be 
shown that 


(bx a)xXc=(bxc) xa 
= ax (bxc) 
‘so that 
(a xb) Xc=ax (bXc) 
Or 


(ab)c =a(bc). 


This is known as the Associative Law for 
multiplication. By combining this with the 
Commutative Law it can be shown that— 


abc=bca=cab=-cba=etc., etc. 


and since the whole argument can then be 
repeated with (axbxc)xd and so on 
indefinitely, we may say at once that the 
result of multiplying together any number of 
positive whole numbers ts independent of the 
order. in which the operations are performed. 


Returning to a xb, suppose a is the sum of 
two numbers c and d, t.e., 


a=c+d 
Then 
axb =(c+d)xb 
=(c+d)+(c+d)+(c+4+d) 


written down b times. 
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Therefore by the Associative Law for 
addition— 
(c+d)x b=(c+e+e+e+c+ . 
written down b times) 
+(d+did+d+dit... 
written down b times) 
= (cxb)+dxb) 
and since 
(c-+d) x b=b x (c+d) 
we have 
x (c+d) =(b xc) +(b xd) 


b(c+d)=be + bd. 


This is known as the Distributive Law, for 
a fairly obvious reason. The process can 
clearly be continued. Thus if, in the above, 


Or 


b=e +f 
b(c+d)=(e+f)(c = 
= (e--f)c--(e--f)d as already shown. 
=ect+fe+ed+fd. 


The general character of the process will 
not be expressed in words. It would take 
too long. The algebraic symbols tell the 
whole truth much more concisely. 


(DI) Multiplication and Negative Numbers. 


In terms of the original definition and of 
the interpretation which has already been 
found for —a (see para. 3B) the meaning of 
—a xb, where a and b are positive whole 
numbers, does not present any difficulty, for 


(—a) x b=(—a) + (—a) +(—a)+(—a 
_—- written down b times) 
= —(a4t-atata...etc., 
written down b times.) 
== — (axb) 
But what is ax(—b)? According to the 
original definition it would be 
ax(—b)=a--a-pa-ra, etc., 
written down —b times. 
But this does not mean anything. It is 
literally nonsense. Nor can we get over the 
difficulty by writing— 
a x (—b) =(—b) xa=—(b xa) 
for this law was only proved for positive 
numbers. Actually there is no way out of 


the difficulty, or rather, there 1s no difficulty. 
There is simply the plain statement that one 
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cannot multiply a number by a negative 
number." (See question 3, para. D.) But 
then, who wants to ? 

It is true that later on there will often 
be occasion to pretend to multiply by 
a negative number. For instance, a number 
“a” can be multiplied by “b” giving 
(axb). Its sign can then be reversed, 
giving —(a xb). To save time this can be 
described as multiplying by —b, but actually 
it consists of two quite separate operations. 
To take another example, if 

1=Y 
multiplying each of these equal numbers by 
a gives 
xXa=yXa 
or 
ax=ay 


If these positive numbers are equal the 
corresponding negative numbers will also be 
equal, 1.e. 

—ax=—ay 


Now the same true conclusion can be 
reached by assuming that the Law of Com- 
mutation applies to multiphcation by a 
negative number, in which case a meaning 
can be found for multiplication by a negative 
number as shown above. Thus, since 

1=Y 
x X (—a) =y x (—a) 
i.e., 
(—a) x x=(—a) x y 
or 
—ax=— ay. 


Actually the writer has never yet come across 
any case in which the application of the laws 
of multiplication to positive or negative 
numbers indifferently has lead to a false 


* This statement is calculated to raise clouds 
of dust from the pages of agitated and outraged 
text-books. It is possibly a position that could 
be blown to pieces by the “ big guns” of pure 
mathematics, but this series is being written with 
a strong practical bias and the writer hopes to be 
able to avoid the introduction of incomprehensible 
ideas into the fundamental definitions. The 
standard text-books usually take a perfectly 
plausible but not very useful way out of this 
apparent difficulty. Having shown that axb=bxa 
for positive numbers, they say it skall be so 
for negative numbers also, saying it three times if 
necessary to secure conviction. In other words 
the symbol x is so defined. But since we can then 
no longer understand the process we are not much 
forrader. 
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conclusion, but that is almost certainly due 
to the fact that in every case the apparent 
process of multiplication by a negative 
number admits of some alternative explana- 
tion of the kind illustrated above. In all 
that follows, therefore, it will be considered 
possible to multiply by a negative number 
on this understanding. 


(D2) The Multiplication of Number Groups. 
Zero in Multiplication. 


Consider the product ax(b—c). In view 
of the discussion in para. (pr), it will be 
considered permissible, irrespective of the 
sign of (b—c), t.e., whether b>c or b<c, to 
put 

ax (b—c)=(b—c) xa 

in which form the right-hand side can be 
written out in full exactly as in para. (D) of 
this section. In this way it can be shown 
that 
l (b—c) x a=(bxa)—(c xa) 
tla 

a(b—c) = (b—c)a = ba—ca =ab—ac 
If b>c, there is another way of arriving at 
the same result which will give a further 
conclusion. The group ax (b—I) will 
obviously contain one a less than that 
represented by the group axb, so that— 


{a x (b—1)}+a= (a xb) 

Similarly 

{a x (b—2)}, + (a x2)=(a xb) 
and so on up to 

{a x (b—c)}+ (a x c)= (a xb). 
Now adding to each equal number the nega- 
tive number —(a xc), 
{ax (b—c)}+(axc)—(a xc) =(ax b) — (a xc) 
and since 

+(axc)—(axXc)=0 

ax (b—c)=(a x b)\—(a xc). 

Now continue the process further, by 
increasing c until it is equal to b. Then— 
a x (b—b) = (a x b)—(ax b), 

1.e., 
axo=o. 
Also from the original definition, 


oxa=o0+0+0-40 etc., . ; 
written down a times. 
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This shows that the symbol’ o obeys the 
Commutative Law, and that the product of 
any number with zero is zero. 

Returning to the multiplication of number 
groups, in the product 


(b—c) x a=(bxa)—(c xa), 


suppose that a is itself the sum of d and —e, 
i.e., = 
Then 
(b—c) x (d—e) ={b x (d—e)—(cx(d—e)) 
= {(d—e) x b}—{(d—e) xc} 
={(d x b)—(e x b)}-{(d x c)— 
(exc | 
l =(dxb)—(exb)—(dxc)+(exc) 
A (b—c)(d—e) —db—cd—be +ec 


in which it is seen that each number in the 
first group is multiplied by every number in 
the second group, signs being combined 
according to the rules already established in 
the section dealing with the combination of 
positive and negative numbers. | 

As in the case of addition, the meaning of 
the letter symbols can now quite legitimately 
be extended so as to include both positive 
and negative numbers. 

An interesting special case should be noted 
at this point. 


(x—a) (x—b) = xx—bx—ax+ab 
=xx—(a+b)x-+ab 
and if b=a, 
(x—a) (x—a) =xx—(a+a)x-+aa 
= xXxX—2ax-+aa. 


In this last expression, we have for the first 
time algebraic symbols and ordinary numbers 
in association. There is obviously no need 
whatever for any given expression to be made 
up either of letters or explicit numbers 
exclusively. Nothing more need be said 
about this for it introduces no new ideas, 
though as a matter of fact it does introduce 
a new word. A number associated with a 
letter symbol in the way that —2 is associated 
with x in xx—2x+4 is often called the 
“coefficient ” of the given letter. This 
name is also applied more generally to one 
member of a product which remains constant 
while the other is allowed to vary in magni- 
tude under given conditions. Thus if x is 
allowed to vary, the —2a in xx—2ax +aa could 
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be called the coefficient of x. It is not an 
entirely fortunate choice of word, for 
“efficient ” is always used adjectively in 
common speech, whereas it appears substan- 
tively in “ coefficient,” the literal meaning of 
which is “ co-worker.” 

The form of the two products just con- 
sidered should be very carefully observed, 
for they play a large part in the practical 
applications of algebra. It will be seen later 
that there is a shorter way of writing them, 
which does not of course affect their general 
character. 


(D3) Resolution into Factors. 


The reverse (not the tmverse, which is 
something quite different) of the process 
described in the last paragraph is at least 
as important as the direct process. It is 
called “ factorisation ” or “resolution into 
factors ’’ and consists of the expression of a 
more or less complex group of numbers in the 
form of a product of two or more terms, 
called ‘‘ factors.” Thus the factors of 
xx—(a-+b)x+ab are (x—a) and (x—b). Take 
for instance xx—7x+12. This can be written 
xx—(4+3)x+4 X3, and comparing this with 
the general form it is clear that the factors of 
this expression are (x—4) and (x—3), t.e., 

X171-p12= (x—4)(X—3). 

At present the only method available for 
factorising such expressions is that illustrated 
in this example, namely, “inspired guess- 
work,” or what the disrespectful or possibly 
envious poet described as “ cunning low, 
meet for things problematical.’’ Later on 
some more certain though, in consequence, 
rather less exciting methods will be dis- 
covered. 


(D4) The Physical Application of Multipli- 
cation. 

The main interest of those for whom these 
articles are being written will be the physical 
application of the processes of mathematics. 
This is what distinguishes practical or applied 
mathematics from pure mathematics con- 
sidered as a science in itself. 

Two questions involving the physical 
meaning of the process of multiplication have 
already been raised in para. (D), and these 
questions we are now in a position to answer. 

The physical aspect of addition presented 
no great difficulty. It was clear that things 
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could only be added together in the arith- 
metical sense if they were things of the same 
kind. What is the corresponding rule for 
multiplication ? The fact that one cannot 
multiply three oranges by four apples and 
equally cannot multiply three apples by 
three apples suggests that one can multiply 
neither things of the same kind nor things of 
different kinds. And yet we talk of multi- 
plving volts by amperes and inches by 
inches. Does this mean that in some cases 
one can and in others cannot multiply 
together things of the same or things of 
different kinds? That if the result means 
anything one can do either of these things, 
and that if it does not one cannot! Some 
will perhaps be willing to accept this as the 
true explanation. Actually it is not an 
explanation at all. It is a mere statement, 
and not even a. true statement. 

The true answer has already been indicated 
in para. (D). Multiplication is the addition 
of a number of groups and, physically, a 
group means a group of things which must 
all be of the same kind. Thus one of the 
factors of a product must be interpretable 
as a number of groups, and the other as a 
group of similar things. But how is this to 
be related to the apparent process of multi- 
plying volts by amperes and calling the 
product ‘ watts ” ? 

To trace the connection we will take an 
instance which is sufficiently novel and 
ridiculous to be free from any pre-con- 
ceptions. Returning to our three apples, 
let it be supposed that one of these, following 
a well-known precedent, falls on the head of 
a philosopher and makes him think. It can 
even be supposed that the harder it hits him 
the more it will make him think, so that 1f it 
falls from a height of one foot it produces 
one theory, if from two feet, two theories, 
and so on. Suppose now that each of these 
three apples falls on the head of the philo- 
sopher from a height of five feet. Each 
apple now produces five theories. Each 
apple, so to speak, represents a group of 
five theories, and to find the total number of 
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theories produced by this profitable though 
perhaps painful episode, we combine together 
as many groups of five theories as there are 
apples; that is, three groups of five theories. 
Actually, however, life is too short to permit 
our being as explicit as this on every occasion, 
and we would quickly form the habit of 
saying that we multiply the height by the 
apples and call the product theories, just as 
we have formed the habit of saving that we 
multiply the volts by the amperes and call 
the product watts—a very good habit too, 
provided we do not make the mistake of 
thinking that we really mean what we say. 

In the electrical example it is a matter of 
definition and of experience that each ampere 
in “ falling through '' a potential difference 
of five volts would give rise to a group of 
five watts, and three amperes would therefore 
give three groups of five watts. 

Thus the phvsical meaning of the process 
of multiplication is derivable from the ideal 
or purely mathematical meaning, and the 
application of multiplication in physics is 
seen to be of the same essential character as 
ordinary arithmetical or algebraic multipli- 
cation. 


Examples. —I. 


1. Distribute, t.e., “ multiply out ”— 
(a—Db)(b—c)(c—a). 
2. Find the magnitude of the number— 
(xxx—6Oxx-+11x—6) when x=1, 2, 3, 
and 4. 
3. Under what conditions will (x—a)(x—b) 
be zero ? 
4. Find the factors of— 
(a) xx—7x+10. 
(b) xx—3x—I0. 
(c) ax -+3x—10. 
(d) aa—100ab+ 9956. 
(e) aa—bb. 


NOTE.—On p. 373 of June issue :— 
For a—b, last line, col. I, riad a~ b. 
», (a—b) line 15, col. 2, read (a~ b). 
„ =--(a—b), line 26, col. 2, read + (a ~b). 
», —(d—c), line 29, col. 2, read —(c~ d). 
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Abstracts and References. 


Compiled by the Radio Research Board and reproduced by arrangement with the Department 
of Scientiĥc and Industrial Research. 


R000.—WIRELESS IN GENERAL. 

Rogo.2.— RADIO COMMUNICATION AND IMPERIAL 
DEVELOPMENT.—Dr. Eccles. (Nature, 8th 
May, 1926, pp. 659—662.) 


R100.—GENERAL PRINCIPLES AND THEORY. 


R112.—TRANSMISSION AND RECEPTION WITHOUT 
AERIAL OR EARTH. (Wireless World, 2nd 

June, 1926, pp. 725—727.) 
An account of a demonstration recently given 
by Mr. Derek Shannon to the Wireless World, 
when he justified the claims made for his apparatus. 


R1r12.—RECEIVING AERIALS. A SIMPLE THEORY 
OF INDUCED AERIAL CURRENTS.—F. M. 
Colebrook. (Wireless World, 5th May, 1926, 
pp. 665—668.) 


R113.—VERSUCHE ÜBER DIE AUSBREITUNG DER 


ELEKTROMAGNETISCHEN WELLEN (Experi- 
ments on the propagation of electro- 


magnetic waves).—M. Biumber and J. 
Zenneck. (Electrische Nachrichten-Technick 
April, 1926, pp. 139—141. Zeitschr. f. 
Hochfrequenz., 27, 4, pp. 117—119.) 

A description of experiments made in August, 
1924, chiefly to study the behaviour of radio waves 
as they pass over from sea toland. The transmitter 
was erected on the island Heligoland, and receiving 
stations were set up at several places on and 
near the coast between Cuxhaven and Bremerhaven. 
A plan of these is shown in the diagram. 


The site was particularly favourable for the 
following reasons :— 

1. On Heligoland a valve transmitter for several 
wavelengths could be set up at the Post Office 
without much difficulty. 

2. The distance between transmitter and coast 
was so great, on the one hand, that the waves 
radiated could spread out over a large surface of 
water before they reached the unhomogeneous 
tract in front of and at the coast, and on the other 
hand, sufficiently small to permit a convenient 
intensity measurement. 

3. Assuming rectilinear propagation, the waves 
met the coast at all possible angles—approximately 
at right angles at receiver 1, and approximately 
at grazing incidence at receiver 9. 

4. The relatively large difference in level of the 
North Sea at low and high tide made it possible 
to use the same tract under two different con- 
ditions : at high tide the sands and flats stretching 
away from the shore lay one to two metres below 
the water's surface, while at low tide they were 
as much above it. 

5. In between transmitter and two of the 
receivers (3 and 4) there lay two islands (Neuwerk 
and Scharhorn) that could exert an influence. 

The receiving stations are numbered in the 
figure and were selected so that every two, viewed 


from the transmitter, lie in the same direction, 
one of them always being on the coast and the 
other inland. 

For the observations two similar receiving 
arrangements were employed, based on that of 
Hollingworth (Journ. Inst. Elect. Engineers, 61, 
501, 1923)—the chief differences being Auders' 
addition of a current transformer to the circuit 
for measuring the weak frame voltages (E.N.T., 2. 
401, 1925) and the use of a unifilar electrometer 
as indicating instrument. 


The results are tabulated on the „next page. 


Here K stands for coast station, and L for 
inland station. The measurements show no effect 
of the level of the water on the intensity or direction 
of the radio waves, nor can any change of intensity 
be detected with certainty as the waves pass from 
water to land. In any case the change cannot be 
great. It thus appears to make no perceptible 
difference to the propagation cf waves whether 
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they travel over sands and flats or smooth and 
sandy solid ground—-or whether the sands and 
flats lie 1-2 metres above the sea level or the same 
distance below it. The effect of the weather on 
20th August is however remarkable. The great 
changes of directions and field strength observed 
during the storm are exceptionally striking even 
with the small distance between transmitter and 
receiver that there was here (50 km.). The readings 
show that direction-tinding in such weather is out 
of the question. 

With regard to direction-finding, all bearings gave 
too small an angle compared with the geographical 
direction —which goes to show that even right on 
the coast refraction takes place, and therewith 
distortion of the wave-front, as has been observed 
at stations further inland. The observations 
agree as to size with the German navy's directional 
error for tne North Sea coast—these likewise giving 
too small an angle compared with the geographical 
direction. It is not certain whether the specially 
large error observed at Station 3 is to be attributed 
to the islands Neuwerk and Scharhorn owing to the 
low degree of accuracy of the measurements. 


RI13.—THE PROPAGATION OF RADIO WAVES.— 
J. Hollingworth. (Journ. I.E.E., May, 1926, 
PP. 579—595.) 

The full text of the paper is given here of which 
there was an abstract in E.W. & W.E. for March. 
The discussion following the reading of the paper 
is also given. 


R113.—La PROPAGATION DES ONDES ELECTRO- 
MAGNETIQUES DANS LA THEORIE DE LA 
RELATIVITE GENERALE.—-Guido Beck. 
(Archives des Sciences Physiques et Naturelles, 
Mars—Avril, 1926, pp. 75—77.) 


A mathematical note. 


R113.—APPLICATION OF RADIO TRANSMISSION 
PHENOMENA TO THE PROBLEMS OF ATMOS- 


PHERIC ELECTRICITY.—J. H. Dellinger. 
(Journ. Washington Acad. Sciences, 19th 
March, 1926, pp. 162—167.) 


A brief progress report on the inter-relations 
of the problems of radio transmission phenomena 
and those of atmospheric electricity. These inter- 
relations are tabulated as follows :— 


Atmospheric Electricity. Radio Phenomena. 


Lightning and thunderclouds. | Atmospheric disturbances. 


ee —— —— ~— —— 


| 

_ Radio and electric line telegraph 
disturbances. 

Atmospheric potential gradient, © Similar variations in atmos- 

and conductivity; diurnal pheric disturbances and field 

and annual variations. ' Intensities. 


Aurora and magnetic storms. 


Earth's magnetic field and Diftering radio wave propaga- 
upper air conductivity. tion at various frequencies, 
distances and directions. 


The writer states that he might equally have 
entitled his remarks *“ Application of atmospheric- 
electric phenomena to the problems of radio 
transmission,” but that the reasons for putting it 
in the way he did are two :— 
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1. Radio gives us a direct means of conducting. 
controlled experiments on phenomena altected 
by the electrical conditions of the atmosphere, a 
means which is wholly impossible in the field of 
direct atmospheric-electric measurements ; and 

2. Atmospheric electricity, rather than radio, 
is the science which must take the responsibility 
and the labour of deciphering the inner relations 
between these various phenomena and the deduction 
of the underlying causes thereof. 


R113.—PRELIMINARY NOTE ON PROPOSED CHANGES 
IN THE CONSTANTS OF THE AUSTIN-COHEN 
TRANSMISSION FORMULA.—L. W. Austin. 
(Journ. Washington Acad. Sciences, oth 
April, 1926, pp. 228 —231.) 

The original formula of 1910-1914 for daylight 
signals over salt water was written 


hI Ea 
E=t12o7, | ery “(volts km.amp.) 


— 0.0015d 
AVO 


where 


The constants in w were determined empirically 
from shunted telephone observations for distances 
up to 2,000km. and frequencies between 1,000kC. 
(A= 300m.) and 80kC. (A= 3,750m.). 

The author has naturally been desirous of 
bringing the formula into better agreement with 
the observations. The idea of altering the Hertzian 
portion of the formula has been given up, since this 
is the part that rests on a theoretical basis, and 
attention given only to possible changes in the 
values of the constants of the exponential term. 

The very considerable amount of experimental 
data on signal field strength collected during recent 
years has been used to obtain at least tentative 
constants for a new formula. Up to the present 
a value of 

_ 0.0014d 
Soe 
seems to give fairly satisfactory results. This may 
be slightly varied as more and better observational 
data are obtained. 


R113.—THE MAGNETIC AND ELECTRIC SURVEY OF 
THE EARTH: Its PHYSICAL AND COSMICAL 
BEARINGS AND DEVELOPMENT.-—-J. A. 
Fleming. (Journ. Washington Acad. Sciences, 
4th March, 1926, pp. 10g—132.) 


R113.1.—THE OBSERVATION OF FADING EFFECTS: 
MEASUREMENT OF SIGNAL STRENGTH WITH 
SIMPLE APPARATUS.—-Prof. E. V. Appleton. 
(Wireless World, 2tst April, 1920, pp. 
581—582.) 

R113.2.—ON THE DIURNAL VARIATION OF ULTRA- 
SHORT WAVE WIRELESS TRANSMISSION. — 
Prof. Appleton. (Proc. Cam. Phil. Soc., 
April, 1920, pp. 155—161.) 

An interpretation of ultra-short wave wireless 
phenomena is given which indicates that the 
maximum number of electrons per cc. in the 
atmospheric ionised layer is of the order 105 to 106. 
(Cf. A Hoyt Taylor and E. O. Hulbert in February . 
issue of the Physical Review, where similar conclu- 
sions are arrived at regarding the maximum 
electronic content of the ionised layer.) 
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„RII3.2-—FADING.—Prof. Marchant. (E.W. & W.E. 
May, 1926, pp. 288 —299.) 


A lecture given to the Radio Society of Great 
Britain on 24th March, together with the discussion 
that followed. 


R113.4.—HIGH FREQUENCY Rays OF Cosmic 
ORIGIN. (I.) SOUNDING BALLOON OBSERVA- 
TIONS AT EXTREME ALTITUDES.—R. Millikan 
and I. Bowen. (Physical Review, April, 
1926, pp. 353—361.) 

This first of three articles on the cosmic radiation, 
recently investigated by Millikan, considers the 
observations recorded by two balloons which 
reached altitudes of 11.2 and 15.5km. respectively. 
These give an average rate of production of ions 
that is only 25 per cent. of the value to be expected 
from the observations of Hess and Kolhorster and 
show the absorption coefficient of the extremely 
penetrating radiation to be as low as .18 per metre 
of water instead of .57 as estimated previously. 


R113.4.—THE KENNELLY-HEAVISIDE LAYER AND 
RApDIO-WavE PROPAGATION —Dr. E. O. 
Hulburt. (Journ. Franklin Inst., May, 1926, 
PP. 597—634.) 

Description of a theory of wave transmission, 
in many respects quantitative, adequately explain- 
ing several numerical facts of the propagation, 
distortion and polarisation of radio waves. The 
earlier part of the article is based on a paper by 
Taylor and Hulburt (Physical Review, February, 
1926)—the latter part, dealing with the polarisation 
of the received wave. is claimed to be new. This 
new part chiefly discusses reception with the Hertz 
antenna and those errors in radio-direction finding 
that arise from refraction in the upper atmosphere. 


R113.6.—THE ELECTRO-MAGNETIC EQUATIONS OF 
LIGHT PROPAGATION IN MOLECULAR MEDIA 
OF VARYING DENSITY.—Louis V. King. 
(Physical Review, April, 1926, p. 518.) 
Abstract of paper presented to the American 
Physical Society. 


Rirg.—A LIGHTNING STRIKE.—N. E. Dorsey. 
(Journ. Washington Acad. Sciences, 16, 
pp. 87—93.) 

Years ago a lightning flash was supposed to take 
place along the path of minimum electric resistance. 
Afterwards Lodge gave reasons for supposing that 
it followed the path of minimum electric inductance, 
and this is the orthodox theory at the present time. 
In this paper the author describes what happens 
during a lightning flash as follows: There is at 
first a rush of electrons. These blaze a conducting 
path along which flows a more leisurely current of 
the ordinary type. Possibly this conducting current 
conveys a far larger quantity of electricity than is 
carried by the dart of electrons. The direction 
in which the dart flies is the direction in which the 
blow is delivered. The effects produced where the 
stroke starts difter characteristicallv from those 
produced where it ends. These conclusions were 
suggested by the close examination of a tree that 
had recently been struck by lightning. 
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RI14.-ON LIGHTNING.—Dr. Simpson. 
Roy. Soc., May, 1926, pp. 56—67.) 


A discussion of the discharge of electricity 
through air at atmospheric pressure leading to the 
following conclusions :— 


(a) The conducting channel of a lightning flash 
originates in the region of maximum electric field 
and develops only in the direction of the seat of 
negative electricity. 

(b) A negatively charged cloud can only be 
discharged by a discharge which originates in a 
positively charged cloud or in the induced positive 
charge on the earth’s surface. 

(c) A positively charged cloud may be discharged 
by discharges starting in the cloud and terminating 
either in the surrounding atmosphere or on the 
earth's surface. 

(d) Ifa lightning flash is branched, the branches 
are always directed towards the seat of negative 
electricity. 

(c) The application of these conclusions to 442 
photagraphs of lightning discharges reveals the 
fact that the preponderance of the lower clouds 
from which lightning discharges proceed are posi- 
tively charged. 


(Proc. 


R1i14-R125.—THE DIRECTIONAL RECORDING OF 
ATMOSPHERICS.—R. A.Watson Watt. (Journ. 
1.E.E., May, 1926, pp. 599—610.) 


The full text of the paper is given here of which 
there was an abstract in E.W. & W.E. for April. 
The discussion following the reading of the paper 
is also given (p. 617). 


R114—R125.—AN INSTANTANEOUS DIRECT-READ- 
ING RADIOGONIOMETER.—R. A. Watson 
Watt and J. F. Herd. (Journ. I.E.E., 
May, 1926, pp. 611—622.) 


A paper read before the Wireless Section, 3rd 
March, together with the discussion that followed. 
An abstract was given in E.W. & W.E. for April. 


R127.—BERECHNUNG DER INDUKTIVITAT EINER 
EINWICKELIGEN IfAHMENANTENNE BELIEBI- 
GER FORM (Calculation of the inductance 
of a single-laver frame antenna of any 
shape) —V. Bashenott. (Zeitschr. f. Hoch- 
frequenz., 27, 4, Pp. IIO—I17.) 

From his long experience in constructing receiving 
Stations the writer has found that a large frame with 
few windings has many advantages over a small 
frame with several windings, and the advantage 
of the triangular form, which, however, has not 
yet been considered in the literature of the subject. 
Accordinglv, in this article, he deduces a formula 
for calculating the coethcient of self-inductance of 
a right-angled triangle on the basis of the Bio- 
Savart law. This formula is employed to calculate 
the coethcient of self-inductance of all plane figures 
which can be converted into right-angled triangles 
of the same area and perimeter; the conditions 
for the admissibility of such a transformation being 
also found. Further, an approximate method is 
given for calculating the coetticient of self-induc- 
tance of figures which do not satisfy the conditions 
of transformation. The experimental tests of the 
formule deduced for triangles and other figures 
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show a small percentage deviation from the calcu- 
lated values, which for the most part falls within 
the limits of the degree of accuracy of the measure- 
ments. 


R130.—CHARACTERISTICS' OF SHIELDED-GRID PLIO- 
TRONS.—A. Hull and N. Williams. (Physical 
Review, April, 1926, pp. 432—438.) 


Description of valves specially designed with the 
plate and grid electrostatically shielded from each 
other to prevent internal “feed-back.” The 
capacity between plate and control grid was found 
to be only .oo6uuF in the best models, These 
valves were found to behave as strictly unidirec- 
tional devices at all frequencies. Plate-resistance 
characteristics are given, and it is shown that the 
internal plate conductance is negligible compared 
with the conductance of practical circuits. The 
plate current thus depends on grid voltage only, 
1.e., in place of the seven parameters of the three- 
element tube there is but one : mutual conductance. 


R130.—SUPPLEMENT TO “ON THE INPUT ADMIT- 
TANCE '' WITH REFERENCE TO THE VOLTAGE 


AMPLIFICATION Ratio. — Y. Watanabe. 
(Journ. I.E.E., Japan,, April, 1926, pp. 
397—4905.) 


In the original paper (previous number) the 
input admittance circle diagram was treated 
mathematically and experiments were described 
in confirmation. 

In this supplementary paper the author considers 
the voltage amplification ratio circle diagram for 
various cases of plate loading, and experiments are 
made at 100,000 cycles with the C R. type A.C. 
potentiometer. 


R131.—UNTERSUCHUNGEN AN RAUMLADEGITTER- 
ROHREN (Investigation of valves with space- 
charge grid.—E. Alberti. (Electrische 
Nachrichten-Technik, April, 1926, pp. 149 
154. 
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valves by reducing the space-charge, Langmuir 
has introduced a positively-charged space-charge 
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grid between cathode and control grid. The theory 
of these valves is much more complicated than that 
of three-electrode valves and up to the present 
has only been treated with certain assumptions, 
such as that the wire of the contro! grid is very 
thin and also that no space-charge effects occur 
between the two grids and the anode—which con- 
dition is only fulfilled when the control and anode 
tensions have large positive values. 

In this article some phenomena with these four- 
electrode valves are described and explained 
that perhaps are not generally known. They 
refer to measurements with the grid voltage negative, 
for which, of course, the assumptions of the theory 
are not fulfilled. The relation between anode 
current and heating is represented in Fig. 1. 
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The explanation of the curve first rising and then 
falling is to be looked for in the presence of space- 
charge between space-charge and control grids, 
which increases with the heating. 

The way in which the space-charge grid current 
depends upon the space-charge grid voltage was 
also investigated and is shown in Fig. 2. 

The characteristic obtained here likewise first 
rises and then falls, which can also be accounted 
for by the space-charge with negative grid voltage. 


R131.—MEASUREMENTS OF HIGH FREQUENCY AM- 
PLIFICATION WITH SHIELDED GRID PLIOTRONS 
—Albert W. Hull. (Physical Review, April, 
1920, pp. 439—454-) 


Description of tests of cascade high frequency 
amplification using specially constructed valves in 
which the control grid is electrostatically shielded 
from the plate. These valves are free trom internal 
feed-back so that any number may be operated in 
series. The voltage amplification per stage depends 
only on the circuit impedance, and was found 
to be 200 at 50kC, 40 at 1,000kC, and 7 at 
10,000kC. Total amplifications as high as 2,000,000 
in voltage were obtained and measured at 1,000kC. 
It is shown that this is the largest ampli- 
fication that can be usefully employed at any 
frequency. At 10,o00kC a total amplification of 
10,000 was obtained. Examples are given of other 
applications where shielding is advantageous, such 
as in the amplification of small photo-electric 
currents. 
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R133-1.—SUR LES VARIATIONS D'INTENSITE DU 
COURANT THERMIONIQUE LORSQU ON CHANGE 
LA DISTANCE ENTRE LE FILAMENT ET 
L’ANODE.—T. Jonescu. (Comptes Rendus, 
26th April, 1926, pp. 1016—1018.) 


The filament employed in this investigation 
- was of platinum covered with calcium oxide, 6 mm. 
long and .1 mm in diameter. The circular anode 
had a diameter of 5mm. The distance between 
filament and plate was varied by turning a micro- 
meter screw and ranged for these experiments 
between 1.2 and .oI mm. 

The current obtained as a function of the distance 
is shown graphically for 60, 120 and 180 volts 
difference of potential. 
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Fig. 1. 


As the distance diminishes, the current intensity 
is seen to pass through a maximum and then 
decrease again as the distance becomes very small. 
This decrease was found to be caused partly by the 
cooling of the filament due to the close approach 
of the anode. 

The variations in current intensity produced by 
changing the distance between filament and anode 
have been applied to the investigation of small 
movements. For instance, a branch of a tuning 
fork was used as anode and the distance between 
it and the filament was adjusted so that the point 
of operation lay on the steepest part of the curve 
(Fig. 1). By inserting a telephone in the anode 
circuit and causing the tuning fork to vibrate, the 
fundamental note and harmonics could be heard 
and the positions of the nodes of vibrations deter- 
mined. The method appears a good one for 
finding the nodal lines of a plate. 

Also a microphone was made by employing as 
anode a thin metal sheet stuck to a sheet of mica 
in front of which one speaks. The sound heard 
in a telephone inserted in the anode circuit is loud 
and very clear. The variation of intensity of the 
current obtained is of the order of 10-4 amperes. 


456 


EXPERIMENTAL WIRELESS & 


R134.2.—La DETECTION PAR CARACTERISTIQUE DE 
GRILLE PEUT-ON L'AMELIORER ? (Can de- 
tection by grid characteristic be improved ?). 
—S. Luroff. (Radio Revue, 9th May, 1926, 
pp. 33—36.) 

The mathematical theory of detection by grid 
characteristic has been developed by Laŭt and 
Beauvais. This article deals with the same ques- 
tion, but with certain modifications at the outset. 

Beauvais and Laiit start from a difference of 
potential between grid and variable filament. 
Here the author supposes that the difference of 
potential filament-grid is determined by a given 
incident E.M.F. superimposed on the constant 
E.M.F. of the heating battery. 

A graph is thus obtained which is slightly 
different from that to which the theory of Laut 
and Beauvais leads. 

From the investigation some considerations as 
to the possible improvement of detection by grid 
characteristic are deduced. 


R134.4.—HIGH FREQUENCY RESISTANCE: DAMP- 
ING EFFECTS IN RECEIVING CIRCUITS AND 
HOW THEY MAY BE REDUCED BY REACTION, 
E. Mallett. (Wireless World, 28th April, 
1926, pp. 618—620.) 


R135.—SUR LA MODULATION FIXE DES POSTES 
EMETTEURS A TRIODES ALIMENTES PAR 
COURANT CONTINU (On the fixed modulation 
of triode transmitters supplied with direct 
current).—A. Blondel. (Comptes Rendus, 
26th April, 1926, pp. 997—999.) 

Modulating devices for telephony transmitters 
respond to complex difficulties and the depth of 
the modulation has to be sacrificed to the purity. 

On the other hand, for the transmission of a steady 

note by a signalling station, such as a radio beacon, 

attempt should be made to obtain the maximum 
depth of modulation by simple means, From this 
point of view the author has investigated different 
methods of modulating the grid current of triode 
transmitters in the case where the plate is supplied 
with direct current. The usual methods employ 
low frequency devices, such as the tikker or vibrator 
or low frequency heterodyne, all of which necessitate 
the grid working in the neighbourhood of the 
point where oscillations just cannot take place, 
requiring fairly delicate adjustment, and reduce the 
useful power that can be obtained from triodes. 

A better method is described here consisting of 
coupling a high frequency heterodyne to the grid 
circuit of an autodyne transmitter, the plate circuit 
being separately adjusted to a neighbouring wave- 
length. This employment of the high frequency 
heterodyne is said to improve the output of modu- 
lated waves and to permit the musical note obtained 

to be varied easily and within wide limits by a 

simple adjustment of the wavelength of the hetero- 

dyne and also to produce sharper sounds than 
with an alternator. 


R138.—A STUDY OF THE CONCURRENT VARIATIONS 
IN THE THERMIONIC AND PHOTO-ELECTRIC 
EMISSION FROM PLATINUM AND TUNGSTEN 
WITH THE STATE OF THE SURFACES OF 
THESE METALS.—T. Harrison. (Proc. Phys. 
Soc., Lond., 15th April, 1926, pp. 214—233.) 

Attempt is made to measure the thermionic 
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and photo-electric work functions for the same 
specimens of tungsten and platinum. It is found 
that in all cases the results depend greatly on the 
previous heat treatment of the material. In the 
case of platinum the curves showing the dependence 
of photo-electric sensibility on the wavelength of 
the irradiation are of four different types, while as 
regards thermionic properties the specimens can 
take up either a “ large emission ” or a “ small 
emission ” state, according to their treatment. 
The photo-electric work function of platinum came 
out greater than the thermionic, but no definite 
results were obtained for tungsten. 


R138.—RECONCILIATION OF EXPERIMENTS ON 
PROBABILITY OF IONISATION BY ELECTRON 
IMPACT.—K. Compton and C. Van Voorhis. 
(Physical Review, April, 1926, p. 516.) 


Abstract of paper read at the Montreal meeting 
of the American Physical Society last February. 

It is shown that the recent work in this field by 
Hughes and Klein and that of the authors are 
brought into fair agreement by correcting for three 
sources of error :— 


1. Effect of the electric field on the effective 
area of holes in the grid through which primary 
electrons pass. 


2. Presence of slow secondary electrons and 
lack of homogeneity in velocities of primary 
electrons. 


3. Warming of gas by filament. 


R138.—ANALYSIS OF POSITIVE IONS EMITTED BY 
A NEW Source.—G. Harnwell and H. 
Barton. (Physical Review, April, 1926, p.514.) 


Abstract of paper read at the Montreal meeting 
of the American Physical Society last February. 

Certain iron oxide crystals containing about 
I per cent. of some alkali metal or alkaline earth 
have been found to be constant and abundant 
thermionic emitters of positive ions. The alkali 
metal ions were emitted at lower temperatures 
than the alkaline earth ions. A preliminary treat- 
ment consisting of reduction at red heat in an 
atmosphere of hydrogen increased the emission. 

The emission was analysed by means of a mass 
spectrograph described by Smyth. 


R142. — GEKOPPELTE SCHWINGUNGSGEBILDE 
(Coupled oscillatory systems).—H. Hecht. 
(Elektrische Nachrichten-Technik, April, 1926, 
pp. 121—138.) 

In this article the theory of coupled oscillatory 
systems is given with a view to the practical 
application of the theoretical results, but without 
reference to any particular technical problems. 
Since forced oscillations are the more important 
in practice, these are considered in detail, and 
free oscillations only mentioned occasionally. The 
ideas and expressions actually employed are those 
for a mechanical oscillatory system, but these 
apply equally well to an electrical oscillatory 
svstem for investigating theoretically oscillation 
phenomena occasioned exclusively through coupling. 

Resonance is found to occur as follows (all 
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coupling is supposed close and of the same value) : 
A simple oscillatory system has only one position 
of resonance. Two coupled systems have two 
resonance positions symmetrical to the resonance 
position of the one-wave system, and a minimum 
coming at the position of resonance of the one-wave 
system. With three oscillatory systems, the 
number of resonance positions increases to three, 
the lowest one coming below the lower of the two- 
wave system, the medium one at the dip, and the 
highest above the higher of the two-wave system, 
while the two minima fall at the two positions of 
resonance of this latter system. In the same way 
one passes from three-wave to four-wave systems, 
and the general law can be formulated, that the 
resonance or minima positions correspond to the 
minima or resonance positions respectively, of an 
arrangement that is greater or less by one system. 


R144.— EFFECTIVE RESISTANCE OF INDUCTANCE 
COILS AT RADIO FREQUENCY—PART II.— 
S. Butterworth. (E.W. & W.E., May, 1926, 
Pp. 309—310.) | 


R144.—Losses IN INDUCTANCE COILS: THE 
NEED FOR A STANDARD OF EFFICIENCY.— 
S. Butterworth. (E.W. 6 W.E., May, 1926, 
pp. 267—268.) 


R148.1.—COMMENT ÉVITER LES DEFORMATIONS DE 
LA VOIX EN TELEPHONIE SANS Fit (How 
to avoid speech distortion in wireless 
telephony). (Radio Electricité, roth May, 
1926, pp. 163—166.) 


A first part of an examination of the different 
causes of distortion proceeding from the receiving 
end, leaving out of account those due to the trans- 
mitter and propagation. 


This distortion can arise from :— 


1. Effects due to the antenna and the high 
frequency circuits associated with it. 


2. Effects due to the detection. 
3. The low frequency amplifier. 
4. The loud-speaker. 


In addition, account must be taken of the char- 
acteristics of the human ear, in the appreciation 
of this deformation. 

This article discusses the effects due to the 
antenna and high frequency circuits. 

The unfavourable action is shown of too sharp 
resonance, of circuits with very little resistance, 
and of reaction that is pushed too far, leading 
consequently to a consideration of the employment 
of lightly damped circuits and the amplification 
of harmonics. 

Causes of distortion 2, 3 and 4 are being dis- 
cussed in a later number. 


R148.1.—DISTORTION IN TELEPHONES: EFFECT 
OF SERIES AND PARALLEL CONNECTIONS 
ON QUANTITYV—W. Grittiths. (Wireless 
World, 5th May, 1926, pp. 650—652.) 


R149.-A New CONTACT DETECTOR: THE JOHN- 
SEN-RAHBEK CONTACT AS A RECTIFIER. 
(Wireless World, 21st April, 1920, p. 588.) 
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R200.—MEASUREMENTS AND STANDARDS. 


R240.—ON THE METHOD OF MEASURING PHASE 
ANGLE WITH A TRIODE.—T. Kumazawa. 
(Journ. I.E.E., Japan, April, 1926, pp. 
302—396.) 

Four methods are investigated both experi- 
mentally and theoretically. 


R281.—THEORY OF ABSORPTION IN SOLID DIELEC- 
TRICS.—V. Karapetoff. (Journ. Amer. I.E.E., 
March, 1926, pp. 236—243.) 


Most solid dielectrics are imperfect in the sense 
that when a constant D.C. voltage is suddenly 
applied, a displacement of electricity first takes 
place almost instantly to a certain value, and then 
continues to increase asvmptotically towards an 
ultimate magnitude. Accordingly, an initial 
electric charge and a greater final charge may be 
distinguished, with the corresponding values of 
initial and final permittivities. The purpose of 
the present investigation is to establish certain 
general properties of the function which expresses 
the increase in the initial electric displacement 
with the time. The initial and the final leakage 
conductivities are also taken into consideration. 


R300. APPARATUS AND EQUIPMENT. 


R320,— LUFTLEITERMESSUNGEN AM RUNDFUNK- 
SENDER WUITZLEBEN (Aerial measurements 
at the Witzleben Transmitting Station).— 
W. SCHAFFER and G. LUBSGYNSKI. (E.N.T., 
3, 4. 1926, pp. 155—100.) 

Detailed numerical data of the Witzleben aerial 
are given and the conclusions drawn from them, 
preceded by a short general description of the 
station. 


R342.4.—A REFLEXED RECEIVER WITH RESISTANCE 
AUDIO ĈOUPLING.—L. W. Hatry. (0.S.T., 
May, 1926, pp. 23—26.) 


The principle is explained and constructional 
hints are given. Unlike reflexing a single valve, 
the multi-tube reflex is a troublesome device to 
build, but it represents a considerable saving in 
valve cost and battery consumption. 


R344.—PIEZO CRYSTAL CONTROL. 
21st May, 1926, p. 524.) 
Details are given of the method used in the 
United States for overcoming the problem of 
broadcast interference. 


(Electrician, 


CRYSTAL-CONTROLLED 
(Q.S.T., May, 


R344.—-ADJUSTING THE 
TRANSMITTER.—S. McMinn. 


1926, pp. 43—45.) 
R355.51.—TAMING THE SYNCHRONOUS RECTIFIER. 
—R. Kruse. (Q.S.T., May, 1926, pp. 9—16.) 
Methods are discussed for the prevention of 


sparking in the employment of the synchronous 
rectifier for plate supply. 


R355.54.-A DRY ELECTROLYTIC RECTIFIER.— 
S. Kruse. (Q.S.7., May, 1926, pp. 30—32.) 


Description of the Ruben rectifier (or Elkorn 
charger) which uses a pair of discs, one of magne- 
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sium and the other a composition, between which a 
film is formed that effects the rectification, no 
moisture being present other than that in the air. 


R355.55.-—A NEW VALVE RECTIFIER: INEXPEN- 
SIVE ACCUMULATOR CHARGING FROM A.C. 
Mains.—Dr. Sayce. (E.W. & W.E., May, 
1920, PP. 269—270.) 


R384.1.—-NEON WAVEMETER: A SIMPLE, INEX- 
PENSIVE INSTRUMENT FOR THE TRANSMITTER. 
—A. P. Castellain. (Wireless World, 21st 
April, 1926, pp. 576—579.) 


R387.—HIGH VOLTAGE INSULATORS.—W. 
(Electrician, 21st May, 
523.) 

Unfortunately, good mechanical and high elec- 
trical qualities are nearly always antagonistic. 
This article indicates some of the more common 
factors that enter into insulation failure. 


Ure. 
1926, pp. 522— 


R388.—PHASE AND MAGNITUDE OF DEFLECTIONS. 
OF BRAUN TUBE BEAM WITH INTERNAL AND 
EXTERNAL ELECTRODES.—R. Jack and L. 
Jones. (Physical Review, May, 1926, 0. 042.) 


Abstract of paper presented at a recent meeting 
of the American Physical Society. 

At the lower frequencies the deflection is found 
to be a function of the frequency, while at the 
higher range the deflection becomes constant. At 
high frequencies the deflections with external and 
internal electrodes are apparently equal. By the 
use of Lissajous’ figures, with the internal and 
external sets of electrodes at right angles, the 
phase difference is found to disappear at high 
frequencies. 


R400.—SYSTEMS OF WORKING. 


R420.—ON THE WIRELESS BEAM OF SHORT ELEC- 
TRIC WAVES—II.—-S, Uda. (Journ. I.E.E., 
Japan, April, 1926, pp. 335—351.) 

The investigation is continued (see last number), 
using metal rods as reflectors. 


R4j40-—THE PROBLEM OF REMOTE CONTROL: 
RELAYS AND CIRCUITS FOR SWITCHING THE. 
L.T. CURRENT.—A. P. Castellain. (Wireless 
World, 2nd June, 1920, pp. 729—730.) 


R440.—AUTOMATIC VALVE REPLACEMENT: AUXI- 
LIARY VALVE CIRCUITS FOR REMOTE CON- 
TROL.—Dr. McLachlan. (Wireless World, 
25th April, 1920, pp. 030—032.) 


R500. APPLICATIONS AND USES. 


R510.—MARINE WIRELESS EQUIPMENT: MODERN. 
PRACTICE EXEMPLIFIED BY SIEMENS’ TRANS- 
MITTING AND RECEIVING APPARATUS. 
(Wireless World, 21st April, 1926, pp. 555— 
588.) 


185 20.— WIRELESS ON THE POLAR AIRSHIP: TRANS- 
MITTING, RECEIVING AND DIRECTION-FINDING 
EQUIPMENT OF THE ‘ NORGE.” (Wareless 
World, 5th May, 1925, pp. 669—671.) 

v 


THE WIRELESS ENGINEER 


R582.—TRANSATLANTIC PHOTO-TELEGRAPHY. 
(Electrical Review, 4th June, 1926, pp. 820— 
822.) 


Apparatus has been installed in London, New 
York and San Francisco for the establishment of 
a regular, reliable service for the transmission and 
reception of news' photographs, facsimile printed 
and written documents, designs, etc., via the 
220-mile land line from London to the Carnarvon 
station of Marconi's Wireless Telegraph Co., thence 
across the Atlantic Ocean to the Riverhead station 
of the Radio Corporation of America on Long 
Island, and further on by land lines. Some account 
is given here of the system of transmitting and 
receiving photo-radiograms developed by Capt. 
Ranger and the Radio Corporation of America, 


of which there was a full description in Proc.1.R.E. 


for April (three abstracts, p.389, June, 1926). 

Abridged accounts of picture transmission by 
the Ranger system are also to be found in Wireless 
World, 26th May, 1926, pp. 686—688, and Elec- 
.trician, 21st May, 1926, p. 526. 


R5S2.—WiIRELESss PHOTO-TELEGRAPHY. 
W.E., May, 1926, p. 301.) 


A short account of the Thorne-Baker system. 


(E.W 6 


R586.—TELEVISION APPARATUS: A DESCRIPTION 
OF THE JENKINS SySTEM.—A. Dinsdale. 
(Wireless World, 5th May, 1926, pp. 642— 
645.) 


R000.—STATIONS : DESIGN, OPERATION AND 
MANAGEMENT. 


R611.—THE RUGBY RADIO STATION OF THE 
BRITISH Post OFFICE.-E. Shaughnessy. 
(E.W.& W.E., May, 1926, pp. 271—281.) 


Abstract of paper read before the Wireless : 


‘Section, I.E.E., on r4th April. 


R611.—THE RuGBy RADIO STATION.—E. Shaugh- 
nessy. (Electrician, 23rd April, 1926, 
pp. 468—469; Electrical Review, 30th 
April and 7th May, 1926, pp. 716 and 753 
respectively.) 

Abstract of a paper read before the Wireless 

‘Section of the Institution of Electrical Engineers. 


R612.—AUSTRALIA: BALLAN “ BEAM” STATION. 
(Electrical Review, 4th June, 1926, p. 836.) 


The site at Ballan is about 1,800 feet above sea 
level, and is free from “ shielding'” hills. The 
station will have two separate transmitters, one 
for communication direct with England, and the 
other for working with Canada. Each aerial 
system will be supported by three masts, 250 ft. 
in height, and the angle of the beam will be about 
45 deg. The power used by the transmitters will 
be about 25 kilowatts. Messages will be sent from 
the otfices of Amalgamated Wireless (Australasia), 
Ltd.. Melbourne, by whom the station is owned, 
by telegraph line to Ballan, at a speed of 100 words 
a minute. A very short wavelength, probably less. 
than 40 metres, will be employed. and it is expected 
that the station will be ready for tests to be carried 
out next month. 
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R016.557.—THE New VIENNA HIGH-POWER 
STATION: A DESCRIPTION OF AUSTRIA'S 
““DAVENTRY.”—P. Gordon Fischal. (Wireless 
World, 28th April, 1926, pp. 625—629.) 


R620.—THE CENTRAL RADIO OFFICE.—A. Irwin. 
(Post Office Electrical Engineers’ Journ., 
April, 1926, pp. 67—73.) 

A description of the C.R.O. situated on the 
second floor of G.P.O. West. 


R620.—THE Post OFFICE WIRELESS SERVICES.— 
E. H. S. (Post Office Electrical Engineers’ 
Journ., April, 1926, pp. 58—00.) 

An account of the wireless services conducted 
by the Post Office by means of its point-to-point 
and coast stations, and the organisation by which 
these services are operated. 


R621.385.—THE TELEPHONE, 1876-1926.—J. E. 
Kingsbury (Electrical Review, 5th March, 
1920.) 

A review of the progress of the telephone since 
the first patent granted on 7th March, 1876, to 

Alexander Graham Bell. 


R800.—NON-WIRELESS SUBJECTS. 


621.355. —EXPERIMENTELLE UNTERSUCHUNGEN 
UBER MAGNETISCHE FREQUENZWANDLER 
(Experimental investigation of magnetic 


frequency changers).—H. Plendl, F. Sam- 
mer and J. Zenneck. (Zeitschr. f. Hochfre- 
quenz., 27, 4, pp. IOI—IIO.) 


The article is summarised as follows :— 


1. In frequency multiplication it is the saturation 
of the iron core that is important, while the tuning 
of the primary circuit is immaterial. For practical 
reasons, however, working generally takes place 
in the neighbourhood of resonance. 

2. The large iron-free self-inductance in the 
primary circuit that is usually employed to obtain 
favourable conditions can often be replaced with 
advantage by a blocking circuit tuned to the third 
harmonic of the generator frequency. 

3. Study is made of circuiting an iron-free self- 
inductance in parallel with the generator. This 
circuit arrangement. which has been described 
by Punp and Schmidt, gives favourable working 
conditions with correct tuning. 

4. Considerable improvement in the frequency 
amplification can be obtained by placing a capacity 
parallel to the secondary winding of the iron core. 

5. The higher the frequency multiplication, the 
closer is the most favourable coupling between 
primary and secondary circuits. 

6. Multiplying frequency in two stages was 
found to be better than in one stage both as concerns. 
the relation of the secondary current to the primary 
and the transient course of the secondary current. 

7. Thorough investigation with the Braun tube 
was made of the physical phenomena and trans- 
ference of energy in frequency multiplication with 
special reference to the circuit arrangement given 
in (4) and the question of the eticct of tuning the 
secondary circuit. 
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Esperanto Section. 


Abstracts of the Technical Articles in our last Issue. 


Esperanto - Sekcio. 


Resumoj de la Teknikaj Artikoloj en nia lasta Numero. 


R000.—RADIO GENERALE. 


Ror10.—LA KUNRILATIGO DE KELKAJ LASTATEMPAJ 
PROGRESOJ EN RADIO—D-ro. B. Van der Pol. 


Ĉi tiu artikolo estas traduko el la holanda lingvo, 
aperinta en Polytechnisch Weekblad, igan de Nov. 
1925a. Gi donas revuon pri la fundamentaj 
principoj de kelkaj malsamaj metodoj por generi 
oscilojn, kaj kunrilatigas diversajn aranĝojn, 
kiuj ŝajnas havi, unuavide, nenian rilaton unu al 
alia. La metodoj estas ĝenerale dividitaj en tiuj 
okazoj kie (a) la rezisteco kaj, (b) la induktanco 
estas funkcioj de l'kurento. En la unua klaso 
troviĝas la arko, triodo kun reakcio, dinatrono, 
Multibibratoro, Neona lampo, k.t.p. En la dua 
klaso troviĝas diversaj aranĝoj por la ŝanĝo de 
frekvenco, k.t.p., kun aparta aludo al diversaj 
specialaj aranĝoj. 


Ro50.—RESUMOJ KAJ ALUDOJ. 


La komenciĝo de nova serio de Resumoj kaj 
Aludoj, kompilita de la Radio Research Board 
(Radio-Esplorada Konsilantaro), kaj publikigita de 
la Brita Registara Fako de Scienca kaj Industria 
Esplorado. 


Ro82.—ALLINIIGAJ GRAFIKAĴOJ POR SELEKTIVAJ 
AMPLIFIKATOROJ.—W. A. Barclay. 

La grafikaĵoj presitaj estas por ilustri kaj solvi 
esprimojn uzitajn en artikolo pri “ Selektivaj 
Amplifikatoroj ” de S-ro. P. K. Turner en £.W.& 
W.E., de Oktobro, 1925a. La grafikaĵoj reproduk- 
titaj estas por la rezonanca ekvacio por malagor- 
ditaj signaloj, por agorditaj signaloj, kaj por la 
komparo de malagorditaj signaloj kun la agordita 
portanta ondo. 


R100.—GENERALAJ PRINCIPOJ KAJ TEORIO. 


R132.—KELKAJ NOTOJ PRI INTERVALVAJ KUPLOJ. 
—Lekcio de S-ro. H. L. Kirke, de la Brita 
Brolkasta Kompanio, al la Radio-Societo 
de Granda Britujo, je 28a Aprilo, 1920a. 

La lekcio amplekse esploris la temon de intervalva 
kuplo je radio—kaj aŭd-frekvencoj. La temo de 
amplifado estas unue konsiderita. laŭ la simpla 
okazo de rezisteca kuplo, kaj la rezonado etendita 
al ŝoka kuplo, kaj al agordita anoda kuplo. La 
efekto de reakcio estas poste diskutita ; interalie, 
la aranĝo por uzado de ekstra valvo sole por re- 
akciado. Pritraktita estas la efekto de inter- 
elektroda kapacito, sekvita de tre ampleksa revuo 
pri neŭtrodino. Oni priskribas kaj ilustras diver- 
sajn metodojn por obteni la neŭtrodinan algustigon, 
kun tre klaraj teoriaj diagramoj por klarigi ilian 
funkciadon. Poste konsideritaj estas malaltfrek- 
uenca amplifado, rezisteco, kaj soka kuplo (ferkerna). 


Laste estas diskutita malaltfrekvenca trans- 
formatora kuplo, la argumento estante bone ilus- 
trita per konsiderado de “' ekvivalentaj cirkvitoj.” 
La havigo de plata responda kurvo estas diskutita 
kaj montrita grafike, kaj mallonga fina aludo farita 
al la efikoj ĉe la fera kerno. 

La diskutado kiu sekvis la lekcion estas presita. 


Rr50.—La Kaŭzo Kay ELIMINO DE NOKTAJ 
ERAROJ EN RADIA DIREKTO-TROVADO— 
Resumo de Referato de D-ro. R. L. Smith- 
Rose kaj S-ro. R. H. Barfield, antaŭ la 
Senfadena Sekcio, Institucio de Elektraj 
Inĝenieroj, je 5a Majo, 1926a. 


La laboro priskribita estas esploro pri deflankiĝo 
de la alvenantaj ondoj. Ricevantena aranĝo por 
la kompenso de la horizonta membro de l'elektra 
kampo estas priskribita. Ĉi tio estas pro S-ro. F. 
Adcock, kaj konsistas el kvar Hertzaj oscilatoroj, 
aranĝitaj tiel, ke ili kompensas la efektojn ĉe siaj 
horizontaj sekcioj, la neta voltkvanto estanta pro 
la faza diferenco de la elektromovaj fortoj ĉe la 
vertikalaj membroj. Kurvoj de rezultoj montras 
tre malgrandajn variojn de la direktoj ricevitaj 
pere de ĉi-tiu sistemo, dum grandegaj varioj estas 
ricevitaj per unutobena aparato. Oni konkludas, 
ke variantaj noktaj eraroj okazas, ne pro deflankiĝo, 
sed pro la alveno de malsuprenirantaj ondoj 
polarizitaj, kun la elektra forto horizonta. 


R200- MEZUROJ KAJ NORMOJ. 


R220.—La DAŬRECO DE NORMIGO DE VARIEBLA 
KONDENSATORO.—E. Simeon. 


La artikolo diskutas la variecon kapacitan pro 
vario de la distanco inter la plataro, kaŭzita de 
suprena kaj malsuprena movado de la centra 
spindelo. Diversaj mekanikaj detaloj por mal- 
grandigi tiun-ĉi specon de movlibereco estas 
diskutitaj, kaj ilustrita estas desegnaĵo kie. kiom 
ajn da movo, tio ne kaŭzos kapacitan ŝangon. 
R240-INDUCTANCAJ BOBENOJ KVANTE Kom- 
PARITAJ.—A. L. M. Sowerby. 


En Parto la (en la Aprila numero), la aŭtoro 
citas rezultojn de mezurado de diversaj bobenoj, 
kompare kun normo de konata malgranda perdo, 
je la frekvenco de la Londona Brodkasta Stacio. 
La rezultoj ĝenerale montras, ke ju pli maldike la 
fadeno, des pli alta la rezisteco. kaj ke, se estas 
optimuma valoro de la diametra 'longeca proporcio, 
ĝi estas, ĉe tiuj-ĉi mezuradoj, kasita de aliaj 
faktoroj. 

En Parto Ila (Junio), pluaj mezuroj estas 
montritaj, ilustrantaj la efikon de (a) Dielektriko, 
(b) formo de bobeno, (c) interspacado, kaj (d) dikeco 
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de fadeno. La komparo inter bobeno de malgranda 
perdo kaj bobeno vindita per sonorila fadeno vakse 
kovrita montras, ke la diferenco inter ili estas nur 
2.5%, kio sugestas, ke dielektrika perdo ne estas 
grava ce unutavolaj bobenoj je brodkastaj ondo- 
longoj. 

Rilate al la formo de la bobeno, la mezuroj 
malkaŝas nenian indikon pri optimuma valoro de 
D/1 (proporcio diametro/longeco). Rilate al inter- 
spacado, kurvo por No. 22 kaj por No. 28 Standard 
Wire Gauge (brita Norma Fadena Dikeco) malkaŝas 
optimuman kondiĉon ĉe interspacado de ĉirkaŭ 
I.2—1.4 diametroj de la fadeno. Por optimuma 
interspacado la dikeco de fadeno faras malpli da 
diferenco ol estas ĝenerale kredita, la kurvo citita 
montranta, ke fadeno No. 22 estas nur 6% plibona 
ol la malpli dika No. 28 ĉe optimuma interspacado. 
Fina sekcio pritraktas praktikan desegnadon. 


R290-—MEZUROJ AŭD-FREKVENCAJ. 

Tiu-ĉi artikolo konsistas el pri-radiaj resumoj 
el referato “ Frekvencaj Karakterizoj de Telefonaj 
Sistemoj kaj Aŭd-Frekvenca Aparataro, kaj ilia 
Mezurado.” legita antaŭ la Institucio de Elektraj 
Inĝenieroj, je Aprilo 29a, de S-roj. Cohen, Aldridge, 
kaj West, de la Brita Cef-Postoficeja Esplorada 
Fako. 

Priskribita estas metodo por obteni konstantan 
elektran elmeton, kontinue varieblan de o ĝis 
5,000 cikloj. Du radio-frekvencaj oscilatoroj estas 
aranĝitaj por interbati, la rezulto estante rektifita, 
filtrita kaj amplifita por doni la bezonitan elmeton. 
Eksperimentajn rezultojn oni priskribas kaj ilustras, 
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de la respondo/frekvencaj karakterizoj de kelkaj 
laŭtparoliloj kaj intervalvaj transformatoroj. 


R300.—APARATO KAJ EKIPAJO. 
R383.—FADENAJ ANOD-REZISTANCOJ.—F. M. Cole- 
brook. 

Priskribo pri konstruo de neindukta rezistanco 
de malgranda mem-kapacito kaj de valoro de 
ĉirkaŭ 50,000 omoj. Fendita fundamento estas 
farita per interfoliigo de ebonitaj diskoj de 1/16-cola 
dikeco, kaj 1}-kaj 2}-cola diametro, kaj la fendoj 
vinditaj per No. 47a “ Eureka ” fadeno, duoble 
kovrita per silko, la vindaĵoj estante inversitaj 
je ĉiu 50a turno. La mem-kapacito, oni trovis, 
estas inter 6 kaj 7uuF por rezistancoj de ĉirkaŭ 
50,000 omoj. 


R500.—APLIKOJ KAJ UZOJ. 
R545.009.2.—LONG-DISTANCA LABORADO.—H. N. 
Ryan. 
La perioda rakonto pri longdistanca interkom- 
unikada laboro inter amatoroj. 


R800.—NE-RADIAJ TEMOJ. 
510.—MATEMATIKOJ POR SENFADENAJ AMATOROJ. 
—F. M. Colebrook. 

Daŭrigo de la serio komencita en la antaŭa 
numero. La temo pri Elementa Algebro daŭras, kaj 
la jenaj sekcioj pritraktitaj: (1) Krampoj kaj la 
Negativa Signo, (2) Ripetita Kombino, (3) Etendita 
signifo de la literaj simboloj, (4) Fizika ekzemplo 
de la kombino de pozitivaj kaj negativaj numeroj, 
kaj (5) Komprenado, aŭ sensperta kalkulado. 


Correspondence. 


Letters of interest to experimenters are always welcome. 


In publishing such communications 


the Editors do not necessarily endorse any technical or general statements which they may contain. 


Inductance Coils Quantitatively Compared. 

SIR—With reference to the articles by Mr. 
Sowerby in E.W. & W.E. for April and June, I 
wish to draw attention to the small amount of 
information gained from the large amount of work, 
due, presumably, to an insufhcient knowledge of 
the subject. 

With the possible exception of his test to compare 
dielectric losses, there is hardly a result of serious 
value to other workers, largely on account of the 
simultaneous change of several variables in each 
of his series of tests. 

After all, the following “' postulates ’’ are gener- 
ally accepted by now among those who have 
studied the subject; they are based on theory, 
and have repeatedly been confirmed by test :— 

1. For any coil of given dimensions and 
inductance, there is one optimum size of wire 
for any given frequency. 

2. For geometrically similar coils, the H.F. 
resistance decreases, to a rough approximation, 
proportionally as the linear dimensions increase. 

3. For single-layer solenoids there is an 
optimum D// ratio, of the order of 3. 


4. In any coil well designed for the broadcast 
band of frequencies, the copper losses are of the 
order of 80-go per cent. of the total ; the dielectric 
losses are not important. 


No. 4 above confirms the test given on page 393 
of the June issue, but this test is none the less quite 
unreliable, for the two coils compared ditter not 
only as to their dielectric losses, but are also unlike 
in the cross-section of former, in the mean diameter, 
and in the shape ratio Dl. | 

Again, consider Tables I. and Ia. Each separate 
D!l ratio should have its own optimum spacing 
ratio in order to find which gives the “ best best ” 
coil. But all the coils are ‘‘ close-wound,”” so the 
results tell us nothing; this apart from the fact that 
the diameters as well as the lengths of the coils vary. 

In Tables I}. and Ila. there is the same trouble : 
the relative efticiencies of various spacing ratios 
cannot be isolated, for the coils are all of different 
shapes. 

Apart from these particular objections, it appears 
to me that the accuracy of his method of measure- 
ment is seriously open to question. In every test 
the resistance of the “ short indoor aerial” is in 
the circuit. This may easily have been of the 
order of 20 to 40 ohms, and if so would mask any 
small differences of resistance between various 
coils. Again, all the coils have apparently been 
tested at the same frequency on the same condenser 
setting. There may be large ditterences of self- 
capacity between the various coils, and if so there 
will have been corresponding differences of induc- 
tance. If this latter is the case, one would not 
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expect equal resistances nor equal deflections ; in 
any case, the resistances should be corrected for 
the apparent increase due to self-capacity, and I see 
no statement as to this. 

Lastly, with the source distant ro ft., there is 
every possibility that equally good coils may give 
difterent deflections due to variations of their 
absolute size, which will affect the amount of 
energy directly picked up by them from the source. 

I would suggest to Mr. Sowerby that he would 
produce much more useful results on the following 
lines :— ' 

(a) Several D/l ratios should be selected, say, 
between 0.2 and 5. 

(b) A set of coils should be built to each ratio. 
Each such set of coils should be identical in size, 
shape and number of turns, and should differ 
from the others in its set only in the gauge of wire. 


(c) The gauges chosen should be such that the 
ratio 
distance between centres 


varies between close winding and, say, 2. 


(4) The inductance and self-capacity should be 
measured first. 


(e) The H.F. 
measured. 


(f) This should be corrected for self-capacity, 
and expressed as power factor or “ magnification,” 
which is the reciprocal of power factor. 


A set of accurate results on these lines, even if 
not corrected for the other resistances in the circuit 
(leads, condenser, etc.), would be of immense value, 
and if Mr. Sowerby or any other reader has the time 
and energy to undertake it I shall be only too glad 
to pass on a few hints based on a considerable 
experience of such work. 


Blackheath. 


resistance should be actually 


P. K. TURNER. 


j, the Heaviside Operator, and 3/—I. 
The Editor, E.W. & W.E. 


S1r,—The fundamental importance of the topic 
discussed so ably in your Editorial of May issue 
must plead my excuse for craving yet further the 
courtesy of your columns. 

It is, I think, greatly to be deplored that to any 
symbol so widely used as 7 can be attached two 
distinct meanings. Unfortunately the confusion 
im this case is rendered greater since the two 
meanings are not widely dissimilar; indeed, it is 
their very resemblance that constitutes for the 
tyro his main difficulty. 

If, for example, in the rectangular form of vector 
representation 

E =a+ jb 
in which 7 is the vector operator, we substitute 
the values 
a=E, cos ĝ, b=E, sin ĝ, 
we obtain the polar form 
E=E, (cos $+j sin d) =E, :!$ 


often a convenient mode of expression. In this 
equation, however, 7 can no longer be regarded as 
the same operator. For if it were, its behaviour, 
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as you correctly state in equation (2) of your 
Editorial, would have the ettect 

j sin b=Cos ĝ, 
which is clearly inadmissible. 

The source of confusion which lies around this 
point is a very real one for the student, and in 
the interests of clear thinking, it behoves us to 
give earnest consideration to any means of avoiding 
the difficulty. 

The Heaviside notation retains the use of 7 for 
the algebraic imaginary 4—1, and proposes for 
the vectorial operator the symbol D/w. As you 
point out, this is a change of label without any 
change of principle; and this precisely meets the 
necessities of the case. 

Besides this enormous advantage, the substi- 
tution of D;w for j in vector operations will in 
most cases simplify the working. For example. 
the operators LD and 1/CD will supersede jwL 
and 1/jwC. Moreover, the symbol D is a constant 
reminder of the operational character of our work, 
which cannot always be said of j. 

In conclusion, may I be allowed to point out an 
obvious slip in your Editorial regarding the de- 
rivation of D2= —w?2? This, of course, is obtained 
by a repetition of the operator D to the funda- 
mental equations, and not by squaring and adding 
them. W. A. BARCLAY. 

Murtle, Aberdeenshire. 

(With reference to the concluding paragraph of 
Mr. Barclay's letter. we have pointed out else- 
where that the relation D? =—w? can be obtained 
by simply multiplying the two equations 

D sm wt=w cos wi 
D cos wt=—w sin wl 
together, without any repetition of the operator D. 
G. W. O. H.] 
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ERRATA. 
JUNE ISSUE :— 
Page 350, Figs. 1 and 1a. ““Some Notes on Inter- 
valve Couplings.” Caption should read: 
la = pVei(R + Ra) 
magnification is 
RIa/Ve = qn; (: ĝi E 
Page 351, Fig. 3. 
la = pa! (Ra + jx) 
magnification is 


Page 351. ln Fig. 4 the horizontal scale is 
marked off in units of henries in the anode 
Circuit per thousand ohms of valve resistance. 


Page 351, col. I, line 1. For ratio read percentage. 


Page 352, Fig. 6. Magniĥcation is 

pi (1 + Ri RC.L) 

Page 370. “Audio-frequency Measurements.” Col. 2, 
lime 11, should read, “A variable condenser C, 
of 0.00050 maximum is in parallel with one 
of the condensers C, to cover the beat range of 
5.000 cycles ” (instead of 50,000 cycles as printed). 
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Some Recent Patents. 


THE REISZ MICROPHONE. 
(Application date, 25th June, 1925. 
NO. 250,430.) 

The construction of the Eugen Reisz microphone 
is described in the above British Patent. The 
microphone is of the carbon granule type, and the 
novelty of the invention lies in the particular 
arrangement of the granules, diaphragm and 
marble supporting block. A good idea of the 
device can be obtained by reference to the accom- 
panying illustration. The microphone consists of 
a large heavy block of marble M, provided with 
two tunnels T, which contain electrodes E which 
communicate with terminals placed at the back 
of the marble block. A channel C extends between 
the two tunnels, and the tunnels and the channel 
are filled with coal dust. The granules are retained 
in position by means of a stretched rubber dia- 
phragm D, which is further covered by gauze G, 
attached to a solid heavy ring R. The ring is so 
. placed that it protects the ends of the electrodes 
E and the granules surrounding them from direct 


action of sound waves impinging upon them. The 
specification states that the distance between the 
stretched rubber diaphragm and the adjacent 
parallel surface of the channel is of the order 
of 3 to 4 mm. The size of the grain is 
given as larger than would pass a sieve of two 
hundred meshes per square inch, and the pressure 
of the rubber diaphragm is that of a rubber skin 
0.15 mm. thick, and slightly stretched. It is stated 
that the sound waves of the lower frequencies are 
absorbed in the deepest layers, while those of the 
highest frequencies disappear in the uppermost 
layers. This is supposed to be due to the fact that 
air passages are formed between the granules, 
which are pernreable by the lower tones but not 
by the higher tones. We understand that this 
type of microphone is employed by the British 
Broadcasting Company. 


A MULTIPLE CONE DIAPHRAGM. 
(Convention date (France), 3rd May, 1924. 
No. 233,356.) 

The Societe Francaise Radio Electrique describe 
in this British Patent Specification the construction 
of a diaphragm comprising a number of paper 
cones. It will be seen from the accompanying 
illustration that a number of small cones C, which 
are folded from sheets of stiff paper, are attached 
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at their bases to a ring R of substantial dimen- 
sions, which is supported in any convenient manner. 
The apices of the cones are rigidly attached to a 
circular member K which is attached by a link L 
to a vibrating system V. The specification states 


that although the diaphragm is formed ofa number 
of sectors which vibrate more or less as a whole, 
owing to the fact that the sectors are combined 
rigidly near their point of actuation the maximum 
flexibility occurs at their extremities. 


PLATE AERIAL. 
(Application date, 20th February, 1925. 
No. 250,714.) 
The construction of an aerial consisting of a 
number of insulated plates is described in the 
above British Patent Specification by W. E. 


Essentially the 
aerial consists of a number of plates of appreciable 
area, supported co-axially one upon the other. 
Thus, in the accompanving illustration, a stand S 
is provided with an upright member U which 
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carries the plates. The plates P may be of circular, 
rectangular, or other shape, and may be spaced 
apart by means of distances pieces D of insulating 
material, a flange F of some description preferably 
being attached to the centre of the plates. The 
plates are connected at their peripheries by means 
of short leads L, while in another modification a 
portion X may be stamped and bent from the 
actual plate itself to take the place of the con- 
necting leads L. 


AN AMPLIFICATION SCHEME. 


(Application date, 4th February, 1925. 
No. 251,041.) 


A system of amplification is described in the 
above British Patent by the Western Electric 
Company, Limited. The object of the invention 
is to overcome oscillation or singing effects which 


are liable to occur, particularly in high frequency 
amplification, more especially in power amplifiers 
if used with high power transmitters. The accom- 
panying illustration indicates the scheme, and also 
includes a device for coupling the alternating 
current supply to be used for heating the filament 
of the power amplifier. Thus, in the accompanying 
illustration, a valve V, is arranged as an oscillator, 
and is coupled by an inductance L, and a capacity 
C, with a centre tap. This is coupled to a resonant 
circuit L, C, R, the resistance R being connected 
between the grid and filament of the amplifying 
valve V,, the anode circuit being supplied with a 
source of power P. The anode circuit of the valve 
V, contains the inductance L, coupled to the 
aerial inductance L,. The filament of the valve 
V, is heated by alternating current derived through 
the medium of a transformer T from a source A. 
The grid of the valve l', is negatively biased by 
a source of negative potential B, the amount of 
which is controlled by a potentiometer R;. Another 
transformer T, has its secondary winding included 
in the grid circuit of the valve V,, the primary 
winding of the transformer being energised from 
the source of supply A. The voltage applied to 
the primary of this transformer is controlled by a 
potentiometer R,. It is well known that the 


emission from the filament of the valve V: will 
vary according to the potential existing across 
the filament, a time lag occurring due to the 
thermal inertia, maximum emission occurring just 
after maximum current, and vice versa. In order 
to compensate for the variation in emission and 
prevent variation in output, which would give 
rise to a modulation effect and variation of received 
current, the grid potential is purposely modulated 
in such a way as to obtain substantially constant 
anode current. Thus it will be seen that the 
primary of the transformer T, which is energised 
from the source of filament current A is connected 
through a resistance R capacity C, and a 
variable inductance Ls. The inductance and 
capacity act as a phasing device, while the resis- 
tance, or potentiometer R,, controls the amplitude 
of the potential applied to the grid. By suitably 
adjusting the value of R,, C, and L; a substan- 
tially constant output can be obtained. 


A CONICAL DIAPHRAGM. 
(Convention date (U.S.A.), 21st October, 1924. 
No. 241,869.) 


The construction of a loud-speaker embodying 
a conical diaphragm is described by the British 
Thomson-Houston Company Limited and W. B. 
Potter in the above British Patent. A good idea 
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of the general arrangement of the loud-speaker 
can be gathered by reference to the accompanying 
illustration, in which it will be seen that the dia- 
phragm D is in the form of a cone, and is made of 
stiff paper, or similar light material, is flanged 
at the periphery, and is reinforced with a metal 
or similar ring at R. A number of holes H are 
arranged round the periphery and contain lengths 
of cords C by means of which it is further supported 
from a circular framework F, attached to the base 
B. The apex of the cone is fixed to a conical 
clamp K, which is connected by a link L to a 
movement M. In one modification of the inven- 
tion the movement M comprises an ordinary 
electromagnetic receiver provided with a diaphragm 
to which the link is attached. The specification 
includes constructional details of various minor 
points, upon which the success of the loud-speaker 
no doubt depends. 
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Editorial. 


Esperanto and Technical Literature. 


E note that the Electrician is 
W following our example in inviting 

their readers’ opinions on the 
advisability of publishing summaries in 
Esperanto of articles appearing in the 
technical press. In the number of oth 
July, the matter is discussed editorially 
under the above heading. It is objected 
that, being an artificial and not a natural 
language, Esperanto is not a vehicle of 
thought, by which is meant that it is not a 
language in which anybody thinks, but is 
merely a link between two other languages. 


It is admitted, however, that although 


from the literary standpoint this may cause a 
serious reduction in quality, this may not 
be of great importance in the case of a 
summary of a technical work. In the same 
issue of the Electrician there is a letter from 
a correspondent, which puts the case fora 
simple auxiliary language, such as Esperanto, 
very clearly. We shall watch with interest 
the response to the Electrician's invitation. 


Valve Nomenclature. 


N our February issue we pointed out 
[ha the word “impedance” was being 

misused when applied to the ratio 
dV|dI of a valve, and we suggested that the 
correct term was “ differential resistance.” 
We have been pleased to note that several 
writers have adopted the suggestion. It 
was objected, however, that “ anode differ- 
ential resistance” was a cumbersome 
mathematical term which would not commend 


itself to valve manufacturers and users. 
The name finally adopted by the Committee 
of the British Engineering Standards Associa- 
tion which dealt with radio nomenclature— 
of which Committee the writer was a member 
—was “ Anode A.C. resistance.” Although 
not quite so mathematically definite as our 
original suggestion, in that it takes for 
granted that a small alternating current is 
superposed upon the steady direct current, 
and although in the matter of cumber- 
someness “alternating current ” is little, 
if any, improvement on “differential,” 
it was felt that it would be more acceptable 
to valve makers and users and therefore 
more likely to displace the term “anode 
impedance,” the use of which the Committee 
deprecated. It is to be hoped that all 
writers will now adopt this new term. We 
take this opportunity of drawing attention 
to the British Standard Glossary of Terms 
used in Electrical Engineering which has 
just been published by the British Engineer- 
ing Standards Association, and about which 
we shall have more to say on another 
occasion. 

In the Electrician of 11th June, a writer 
referred to the “ curious but very common 
custom of referring to the ratio dV/dI as 
the anode impedance,” and stated that, 
as it was of the nature of a pure resistance, 
there was no excuse for it. This remark 
led to some correspondence which brought 
out very clearly the disadvantages under 
which those labour who do not regularly 
read EW. 6 W.E. 
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A New Theory of the Lead Accumulator ? 


By Prof. G. W. O. Howe, D.Sc. 


occurring during the charging and 

discharging of the lead accumulator 
has always been unsatisfactory. The simple 
formule given in most text-books of electrical 
engineering were known to be incorrect—mere 
rough approximation to the actual changes 
which take place—but although chemists 
were ready to point this out they were not 
able to give a satisfactory alternative. 
Nothing can be a more effective hindrance 
to the development of any apparatus than 
ignorance of the principles underlying its 
operation, and there is little doubt that 
our ignorance of what really takes place in 
the lead accumulator has been one of the 
principal causes of the lack of development. 
As a proof of this we have only to draw 
attention to the fact that the new theory 
recently put forward by MM. Féry and 
Chéneveau led immediately to the design 
of a new type of lead accumulator which is 
alleged to be free from sulphation even if 
left standing discharged for many months 
or even years. As it is almost impossible 
to get beyond the crystal detector stage of 
radio telegraphy without being forced to 
cultivate an interest in the lead accumulator, 
we feel sure that our readers will be interested 
in this new theory and its developments. 


The Old Theory. 


According to the old theory the active 
material in the positive plate of the charged 
cell was lead dioxide (PbO,) and that in the 
negative plate spongy lead. During the 
discharge the PbO, was first reduced to 
lead monoxide (PbO) and then converted to 
lead sulphate (PbSO,) ; similarly the spongy 
lead in the negative plate was oxidised to 
PbO and then converted to lead sulphate. 
The complete process can be represented 
by the formula 


Pb +2 HS0, + PbO,” 
— charged + 
PISO, +2 H.O + PbSO, 
— discharged + 


T= theory of the chemical action 


[621.355.01 


The left hand side represents the active 
materials when fully charged and the right 
hand side when discharged. According to 
this theory the normal discharge of the cell 
is associated from the very beginning with 
the production of lead sulphate, but this 
production must not be allowed to proceed 
too far or the cell becomes “ sulphated '— 
one should perhaps say “ super-sulphated ”’ 
—and is very difficult to recharge. No 
very clear explanation has ever been given 
why the lead sulphate produced after the 
voltage has fallen to about 1.8 should be so 
much more harmful than that produced 
before, whether it differs in physical consti- 
tution or whether it is simply a question of 
quantity. 
The New Theory. 


According to the theory put forward by 
M. Féry and supported by considerable 
experimental data, the active material of 
the fully charged positive plate is a higher 
oxide (Pb;O;): during the normal discharge 
this is reduced by the liberated hydrogen 
to the dioxide PbO,, whilst the spongy lead 
of the negative plate is converted to a black 
lead sulphate or plumbous sulphate Pb,SO,, 
not the plumbic sulphate PbSO, of the 


. older theory. The changes during charge 


and discharge would then be represented 
by the formula 


Pb, + HS0, FPIOZ: 
— charged + 
Pb,SO, + H:O + 2 PbO, 


\ — 


discharged + 


To test the correctness of the theory two 
accumulators were made up in such a way 
that in one the positive plate was suspended 
from the arm of a balance, the negative 
plates being fixed, whereas in the other the 
negative plate was suspended between two 
fixed positive plates. Owing to there being 
one suspended plate and two fixed plates 
one was certain that the discharge was limited 
by the chemical action of the suspended 
plate. The plates were made by pasting 
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a grid of antimony lead with a paste of red 
lead (Pb;O,) and ammonium sulphate ; 
after drying in an oven for 36 hours, then 
soaking in sulphuric acid for an equal time 
and redrying, the plates were formed for 
about three days. After drying and weighing 
they were placed in the electrolyte, and 
submitted to successive discharging and 
charging whilst an accurate record was 
made of the weight of the suspended plate. 
Very elaborate precautions were necessary 
to avoid various sources of error; those 
interested in the details will find them fully 
described in the Bulletin of the Societe 
Francatse des Electriciens for January, 1926. 
The amount of active material on, each 
plate was about roo grammes, the plates 
being 104Xx104Xx2 mm. divided into 144 
square meshes about 8x8 mm. 

According to the older theory the weights 
of the active materials should change during 
discharge as follows :— 

Positive plate—increase of weight=26.8 

per cent., | 

Negative plate=increase of weight=46.4 

per cent., 


whereas according to the new theory the 


changes should be as follows :— 
Positive plate—decrease of weight= 
3.2 per cent. 
Negative plate—tncrease of weight= 
23.2 per cent. 

The changes of weight actually observed 
should therefore enable one to decide 
definitely between the two theories. 

Now the results obtained did not agree 
with either theory although they were closer 
to those predicted on the new theory. It 
was then suggested that a secondary re- 
action occurred in the cell due to the fact 
that the electrolyte could not be regarded 
merely as acidulated water but must be 
looked upon as a saturated solution of lead 
sulphate in acidulated water. During dis- 
charge the electrolysis of this solution 
liberates the ion Pb at the positive plate 
and gives rise to the reaction 
Pb +Pb.0, + HSO, = 2Pb0,+ PbSO,+ H0. 
This reduction by the lead would cause an 
increase in the weight of the positive plate, 
whereas, as was pointed out above, the 
reduction by the hydrogen in the main 
reaction would cause a decrease of weight, 
the resultant change of weight being due 
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to the difference between the -two effects. 
It will be noticed that according to this 
theory lead is transferred during the dis- 
charge from the negative to the positive 
plate. As the result of experiment it is 
further assumed that a secondary reaction 
occurs at the negative plate during dis- 
charge, represented by the formula 


Pb-H,SO, +0 = PISO, H.0, 


and that the weight of lead involved in 
this reaction is about a tenth of that involved 
in the transformation to Pb,SO,. 


Experiment Supports the New Theory. 


This theory gives results in strict accor- 
dance with the experiments, whereas the 
old theory gives results which cannot 
possibly be made to agree with the obser- 
vations. As an example of the discrepancy 
in the experimental discharge already re- 
ferred to, in which the old theory would 
lead one to expect an increase of 26.8 per 
cent. in the weight of the active material 
in the positive plate and of 46.4 per cent. 
in that of the negative, the increases actually 
observed were only 5.2 and IOo.2 per cent. 
respectively. The new theory, without the 
secondary reaction, would as mentioned 
above give an increase of 23.2 per cent. in 
the negative plate, but a decrease of 3.2 
per cent. in the positive plate. The actual 
increase of weight of the negative plate is 
thus much smaller than either theory would 
give without the secondary reaction which, 
by transferring lead from the negative to 
the positive plate, brings the new theory 
into agreement with the observed results. 


Why the Discharge Curve drops at 1.8 volts. 

M. Féry described experiments made 
with a cell in which the positive plate pre- 
ponderated so that the discharge was 
limited by the exhaustion of the negative 
plate; in this case the discharge curve 
shows a very rapid drop at the end of the 
discharge and the resistance of the cell is 
found to increase rapidly. This is according 
to M. Féry due to the transformation of all 
the available lead in the negative plate 
to Pb,SO,—the conducting sulphate; at 
this moment P.D. is 1.8 volts and, as the 
positive plate is still active, its oxidising 
action continues and the Pb,SO, tends to 
change into the insulating sulphate PbSO.. 
One cannot explain this phenomenon on 
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the old theory, according to which the latter 
sulphate was being formed all the time. 

If the negative plate preponderates the 
discharge will be limited by the exhaustion 
of the positive; in this case the fall of 
potential is less sudden and is not due to 
an increase of internal resistance but to a 
decrease of E.M.F. This is due, according 
to M. Fĉry, to the disappearance of all the 
Pb,O, leaving only PbO,, which gives a 
much lower E.M.F. when acting as the 
positive plate material. 


What is Sulphation P 


It was always difficult to understand why 
it was so easy to recharge a cell immediately 
after it had been discharged and yet so 
difficult to do so if 1t had been left standing 
for some time, seeing that the normal dis- 
charge was supposed to produce lead sul- 
phate. One explanation was that the crys- 
tals of lead sulphate normally produced 
were very small, but gradually grew when 
the cell was left standing. On the new 
theory this is explained in a very simple 
way. The sulphate in the negative pastilles 
produced during normal discharge is the 
conducting black sulphate Pb,SO,. This 
has a strong tendency, however, in the 
presence of sulphuric acid to pass into the 
insulating white sulphate PbSO,, and it is 
this change which causes “ sulphation.” 
It will go on rapidly at the surface, but 
slowly in the interior where the acid pene- 
trates but slowly. 


A Cell which cannot Sulphate. 


These considerations have led to the 
design of a non-sulphating cell. The under- 
lying idea is to protect the negative plate 
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from the oxidising action of the air and of 
the Pb,O, of the positive plate. The 
negative plate consists of a single slab of 
paste at the bottom of the cell whilst the 
positive plate is placed vertically above it. 
The negative plate is thus protected from 
the air and from the action of bubbles of 
oxygen rising from the positive plate. 
The electrodes are kept in position by 
packing the cell with a granular porous 
silica material which also protects the lower 
plate from particles falling from the upper 
one. M. Féry stated that cells made in 
this way may be left discharged for two 
years without sulphation ; they may then 
be charged and put into service without 
any difficulty or loss of capacity. He also 
said that their loss of charge when left 
standing on open circuit is less than a tenth 
of that of the ordinary cell with vertical 
plates. At the meeting in Paris, M. Féry 
showed some small 20-volt batteries for use 
in anode circuits made on these principles 
by the firm of Gaiffe, Gallot et Pilon. 

If these claims can be substantiated— 
and there is no question of the scientific 
ability and good faith of those who make 


.them—an important step has been made 


in the design of the lead accumulator. The 
construction employed does not appear 
to lend itself to incorporation in cells of 
large capacity and it is noteworthy that 
the cells actually shown were onlv suitable 
for anode circuits, but this is an application 
which will appeal to many of our readers. 
If these do all that is claimed for them and 
the new theory is substantiated, ways will 
undoubtedly be discovered of applying the 
new principles to the improved construction 
of all classes of accumulators. 
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Use of Plate Current—Plate Voltage Character- 
istics in Studying the Action of Valve Circuits. 


By E. Green. 


[R131 


(Continued from page 406 of July issue.) 


Amplification. 
(A) Resistance Amplifiers. 


The conditions to be fulfilled vary in 


different cases. In the reception of wireless 
signals, and the first stages of audio ampli- 
fication, what is required is the maximum 
step up in voltage per valve, the actual 
amplitude of alternating grid voltage being 
small. 

In the case of amplifiers using non-induc- 
tive resistances, as the output circuit (as 
shown in Fig. 3a and more particularly 
Fig. 7b) we have to find the condition 
giving maximum voltage variation at the 
terminals of R, for a given variation of grid 
voltage on the first valve. In Fig. 76 are 
shown the normal connections from the grid 
of the first valve to that of the second. Rg 
is usually a resistance of I or 2 megohms, and 
the grids are made negative by means of the 
batteries B, and B, respectively. „The 
blocking condenser C is so large that its 
reactance (1/Cw) is small (over the range of 
frequencies to be amplified) compared with 
R. Hence for alternating currents Rg, is 
substantially in parallel with R.. The 
effective resistance of the output circuit for 
A.C. is therefore 

R,R, 
R, + R, 


and itis this that fixes the slope of the working 
line and therefore the amplification. Nor- 
mally, R is large compared with R. and 
hardly affects the resistance of the output 
circuit. In what follows we shall use R; 
to denote the effective A.C. resistance of the 
output circuit, which would more accurately 
be expressed as 
R,R, 
R, + R,* 
Let the variation in grid voltage on the 


first valve be such as to carry the working 
line RS from curve I to curve 3 (Fig. 9). 


R’S, the projection of RS on OX, gives the 
corresponding variation of plate voltage. 
This will be a maximum = S’S when RS is 
horizontal, f.e., when R. = œ. The ampli- 
fication in voltage is then represented by the 
change in plate voltage S’S divided by the 
change in grid voltage between curve I and 
curve 3. i 

s __ change in plate voltage 
ERRET change in grid voltage 

when the plate current is kept constant. This 
amplification is usually denoted by p or m. 


PLATE CURRENT ——>~ 
< 


PLATE VOLTAGE = 


Fig. 9. 


Hence for R. = œ we can write 
Voltage amplification = 


dE) 7 
(aE Ip constant — F" 


i 
/ 


“NOTE.-—If Re is of the same order as, or less 
than, Re the accurate expression must be used. 
In this case also it is to be noted that the D.C. 
component of plate current flows through R, 
only. If the grid bias is adjusted so that the mean 
plate current is J», the mean plate voltage is 
(Eo — R,1p). This fixes the mean working position 


D of Fig. 3, whilst cot 8 = pit - fixes the slope 
€ LJ 
of the working line. This line will therefore not 


pass through A (where 04= Eo) but to the left 
of A. 
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For any other value of R. we have, 


Voltage amplification = £S p. 
Tere 
Now tan 0 = R RS 
I RR' 
and lan $ = = orp 
where R, = internal resistance of valve 
=F) 
ad Ip/E, constant 
R’S RS R 


Therefore, SS = FRL RS 4 uR 


Hence for any value of R. we have, 

R. 
Ro + Re” 

For the pure resistance amplifier it is not 
advisable to make R, very large, as if E, 
is fixed it reduces the voltage on the valve 
and will bring the working line on to the 
curved part of the characteristics, and 
beyond R. = R, when its value is 4iu the 
amplification only increases slowly. 

For the amplifier using a choke in the plate 
circuit and resistance in the grid the plate 
voltage is not affected by change in R, so 


that R. can be made much greater than Ro 
and practically the full step up p be obtained. 


voltage amplification = 


(B) Transformer or Tuned Circuit Amplifiers. 


For the amplifiers using transformers or 
tuned circuits maximum amplification will 
be obtained when the output power is a 
maximum for a given amplitude of grid 
voltage. 

Let 1, 2, 3, Fig. IO, be characteristics 
separated by differences of grid voltage 
equal to amplitude of variation of grid 
voltage, so that for any value of R. the 
working line JDK will just extend from 1 to 3. 


Draw DM and KR perpendicular to LK. 


Then AC output power = 4 DM. MK 
= area of triangle DMK. 


It is required to find the value of R. for 
which the area of DMK is a maximum. 


We have tan 9 = =: = = 
DM I 


“NVS IR R, 
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te.LM: MK: LK = Ra: R, : (Ro + Rà) 
area of triangle DMK MK _ Re 
area of triangle DML LM RK, 
area of triangle DML _ í LM e p Ko 38 
area of triangle RKL \LK/ W (TAR) 
Re / Ro 


„”. area of triangle DMK = “l 


of triangle RKL 
Putting = = k. 
And triangle RKL = 1 RK. KL 
= 1 LK? tan 0 


= constant for a given 


voltage of eg 
where amplitude of grid volt- 


age swing 


p A 2 
i LV, = | 
area of triangle DM K = k ee =) 


— = 


PLATE CURRENT 


Fig. Io. 


y | | = 


and VE + 1/k is a minimum when Vi 
= 1/k i.e. when k= 1. 


( I „ar R 
Therefore k | — ) is a maximum when 


Uu +k, 

k=1 (when its value is }) thatis when R,= Ro. 

Therefore power output and step up is a 
maximum when R,= Ro 

se MASOJ 
when power output = } R 
The step up in grid voltage will depend on 
the actual circuit. Take the case of the 


THE WIRELESS ENGINEER 


transformer amplifier Fig. IIa as used for 
audio-frequency amplification. If y = grid 
filament resistance, the best step up ratio for 


the transformer is NZ (since this makes 


[47 


Fig. 11. 


the load in the plate circuit= R,), and 
if ég, = amplitude of voltage at secondary 
terminals, then neglecting losses in the 
transformer, we have 


2 
Power supplied to 7 = 4 = Input 
+ (p eg)? 
=} ey 
i sira Sj 
Voltage step up = S NI i 


In the case of an ordinary receiving valve, 
R, may be about 10,000 ohms, while if 
there is no grid current 7 may be 1,000,000 


KC) Fig. 12. (b) 
ohms This makes the transformation ratio 
M = I0. A more usual figure is about 5, 
0 


giving a voltage step up of 2.5y. 
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Compare this with the resistance type of 
amplifier in which the maximum step up is 
less than p. 

In the case of H.F. amplification the efiect 
of a step up transformer is obtained by means 
of a tuned circuit as Fig. IIb. 


Oscillating Circuits and Power Amplifiers. 


The circuit will be somewhat as shown in 
Fig. 12a. 

In either case we have a certain E.M.F. in 
the grid coil L. Hence in sinusoidal working 
if R, is varied the A.C. output in the plate 
circuit will be a maximum when R,= Ro, as 
we have just proved in the case of small 


B 
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| 
| 
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| 
| 
| 
| 
| 
| 
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OC DY 
A 
* 
A 

Fig. 13. 
amplitudes of grid voltage. The effective R, 
can be adjusted to the valve by the anode 
tap. 


If we are restricted to sinusoidal working, 
but can run into grid current, the working 
line will be BDA, D being the midpoint. 
The plate current and plate voltage will be 
as shown in Fig. 12b, and the efficiency will 
be 50 per cent. In actual practice the plate 
volts will not drop absolutely to zero. 

For conditions of working such as are 
shown in Fig. 13 where D is midpoint of 
a grid swing of fixed amplitude in which 
the plate current is zero over half the cycle 
and more or less sinusoidal over the other 
half, the condition R. = R, will still be the 
one giving maximum output. For the A.C. 
output is proportional to BC. CD and as 
before this is a maximum when R, = Re. 
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The efficiency now however will be about 70 
per cent. In the usual power oscillating 
circuit the gird has such a large negative 
bias that the plate current only flows for a 
small fraction of the cycle. In such a case 
R. = Rois not necessarily the best condition. 


l 

|] 

|] 

A a 

I Z 

l UJ 

i œ 

| Cc 

i ju ) 

i Oo 

l W 

ir 

1s 

l a. 

| off EVAS 

i PA B, ; PLATE — x 
okź——- a VOLTAGE. 


Fig. 14. 


Distortionless Power Amplifiers. 


In a power amplifier, such as would be used 
in the last stage of audio-magnification for 
loud speakers and so on, it is essential to 
have no distortion. We have to obtain the 
maximum output, keeping to the straight 
part of the plate characteristics, and keeping 
in the region of zero grid current. Maximum 
amplification is a secondary consideration. 

Fig. 14 shows plate current —plate voltage 
characteristics in the ideal case where they 
are straight lines, such as OM, LN, etc.; 
OX and OY are the axes. For simplicity, 
we assume the type of circuits shown in 
Fig. 6 (a)—(0) as there is then no direct 
current loss in the load. Let the steady 
H.T. volts (Eo) on the plate be OE. 

In working the alternating component must 
carry the instantaneous plate voltage, equal 
amounts above and below the mean value 
OE; for example to two points B and C 
where BE = EC. Let us find what range 
of variation (and therefore what value of 
R,) will secure maximum output. 

The vertical BD cuts the characteristic for 
zero grid volts in D. This characteristic 
represents one limit for distortionless working, 
the other being OX, the line of zero plate 
current. Hence DFC is the working line 
giving maximum A.C. output for this range 
of variation of plate voltage, since it gives 
the maximum variation in plate current. 
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For this line DFC we have 


Max. value of A.C. component of plate 
volts k = BE or EC 
current .. ig = EF 

A.C. output = 4 EC. EF = 3 BD. BC. 
BD = OB tan ¢ = (OE — 4 BC) tand 
BD. BC = (OE — 4 BC) 1 BC x 2tan¢ 


The sum of the first two factors is constant. 
Hence the expression is a maximum when 
the factors are equal, t.e., when 

OE — $4 BC = 4B C 
or OB = BE = EC 
that is when the amplitude of plate voltage 
swing = 1 Eo. 

The resistance of the output circuit R, is 
then 

BC 2.0B 
BD BD 
where Re is internal resistance of valve. 


With this condition 


A.C. output = i EC. EF 

= $ $ E, Io = 1 Eo Io 
D.C. input = Eo Io 

Efficiency = 25% 


The condition R, = 2R, does not give the 
maximum efficiency, and therefore not the 
maximum possible output when the anode 
voltage is also variable, but it gives the 
maximum output for a fixed anode voltage, 
and if the valve is then not overloaded, it 
will be the best condition for that voltage. 


PLATE CURRENT ——> 


Oo 
© 
O 


PLATE VOLTAGE —> 
Fig. 15. 


We can obtain greater efficiencies by in- 
creasing the resistance of the output circuit 
and raising the anode voltage as shown in 
Fig. 15 where DFC is working line. 
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For the last stage of audio amplification 
supplying a loud speaker, the output circuit 
will either be (1) a transformer as shown in 
Fig. 6 (e) (if the loud speaker is of the moving 
coil type). In this case the effective resist- 
ance of the output circuit can be adjusted 
to the required value by varying the ratio 
of transformation of the transformer; or 
it will be (2) the coils of the loud speaker 
itself (in the fixed coil type). The effective 
resistance of this is altered by altering the 
number of turns in the coils. 

Note that the effective resistance 50 
of the output circuit is mot the 
ohmic resistance of the coils. 

The fuller treatment of this 
would require a separate article, 
as neither transformer nor coils 
can be regarded as equivalent to 
a pure resistance over the range 
of frequencies with which they 
have to deal. 

If either the resistance of the 
output circuit R, or the maxi- 
mum possible H.T. voltage is 
decided, we can determine the 


PLATE CURRENT IN MILLIAMPERES 


other, using the hyperbola of JI] 
safe load, RST. This is a curve 5 [p FAPGELETAS SSV SEBo Cees 
drawn so that the product E». Ip TI TATA SIZ HSE 


for all points on it 1s constant and 
equal to the watts that can safely 
be dissipated by the anode. Pro- 
vided the mean working position 
is not above this curve the valve will not 
be overloaded. 


(A) Given OE the anode Voltage ; draw 
EF to cut the hyperbola in F and FG 
parallel to OD. Make OD = 2GF and 
draw DFC which will be the working 
EC 
line; for which R, = EF 

(B) In the other case, if Re is resistance 
of output circuit, the slope of D FC is 
fixed and by trial a position can be found 
where F, a point on the hyperbola, bisects 
DC. 


With ideal characteristics, and R. and 
high tension volts indefinitely great, the limit 
of efficiency would be 50 per cent. In actual 
valves it will not be possible to work down to 
zero plate current on account of the bend 
in the characteristics causing distortion. 
(The ends of the characteristics and the 
actual axes are shown dotted in Fig. 14.) 
The condition R,= 2R, holds good as before, 
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£.e., it will give the maximum output for a 


fixed anode voltage and will be the best 
working condition if the valve is not then 
overloaded. It can be seen from the figure 
that the efficiency will be less than 25 per 
cent. Increasing R, and the high tension 
volts, and altering the grid bias to suit, will 
increase the efficiency, but the upper limit 
will be less than 50 per cent. Usually it is 


not worth while making R, greater than five 
or six times Rg. 


For the sake of economy 


sets 
FE Err 
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Fig. 16, 


it is preferable to keep the anode voltage 
low. This entails for efficient working [the 
use of a valve with a low value of plate 
resistance Ro. The lower this can be made, 
the better it is for the efficiency. To make 
Ro low, the grid and anode should be fiat, 
enclosing a zigzag filament, and both should 
be as close to the filament as possible. 
Also the grid should have a very open 
mesh. Unfortunately, these conditions, more 
especially the last one, give a valve with a 
low value for u the amplification factor. Also 
we saw that the maximum power amplifica- 
tion is obtained when R, = Ro With 
R, = 6R, the amplification will be lower. 
For both these reasons a greater swing of 
grid voltage has to be provided. 


Examples. 
1. LS5 Valves. 
Fig. 16 gives the characteristic curves of 
the LS5 valve. RST is the curve of maxi- 
mum safe loss which is IO watts. Also we 
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conclude we cannot swing the plate current 
below 5mA on account of the bend in the 
characteristics. 

The plate resistance of the valve R, = 4,500 
to 5,000 ohms. 


The amplification factor p = 5.5 to 6. 
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For R,=2R, the working line giving 
Io watts loss is ABC. This gives an A.C. 


output = 4BD . DC = 4 „So E ae 


= I.7I watts. 

Efficiency = 17 per cent. 

This requires a plate voltage of 440 volts, 
grid negative —45 volts. 

Hence for all plate voltages less than 440, 
R,= 2R, will give the maximum possible 
A.C. output. ` 

If we multiply the voltage scale by } and 
the current scale by 2, R, is reduced to a 
quarter its old value, and the ro watts loss 


line is unchanged; 220 volts will now be, 
the minimum plate voltage to give efficient 


working at Io watts loss. 

Returning now to the LS5, if we increase 
R, to 45,000 ohms we get a working line 
A'B'C'. This gives an A.C. output 


=} B'D'. D'C'. 


— 4, 107X470 _ 2.52 watts. 
1,000 
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This is some improvement on the other 


arrangement but needs 640 volts on the © 


plate and a grid bias of —87 volts. The 
gain would be greater if it were possible to 
work to lower values of plate current; and 
this should be possible with the higher 
resistance in the plate circuit. Thus if we 
worked to a minimum plate current of2.5mA, 
the working line would be A”B”C”. 
Power output = $ B” D” . D'C” 
12.0 X 520 
=ł I,000 


Efficiency = 31 per cent. 


= 3.I watts. 


It is clear that what is needed is a valve 
of much lower resistance (t.e., Ro») to allow 
of efficient working at lower plate voltages. 


Fig. 17 shows the characteristic: curves 
of the LS5A valve, which has a special open 
mesh to give low resistance (R,= 2,500 ohms). 
RST is the zo-watts loss lne. ABC is the 
working line when R, = 2R, whilst A’B’C’ 
is that for R. = 11.5Ro = 28,700w. Taking 
5mA as the minimum value for the plate 
current, we have, 


Output for ABC =} BD. DC = 3297130 7 
= 1.69 watts. 
Plate voltage = 310. 
Grid negative = —100 volts, whereas, 
Output for A’B’C’ = $ B’D’. D'C’ 
= 13.7 x 410 
= I,000 
= 2.8 watts. 
Plate volts = 530. 
Grid negative = —225 volts. 
SPEECH 
CHOKE 
9 e. o 
ko EE Fu 
= ŝi er 
g g E 
P 


Fig. 18. 


Note that in all cases the negative grid bias 
is a measure of the grid swing required to 
produce maximum output. Thus in the 
last case cited the amplitude of grid swing 
is 225 volts. 


= = 
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2. Modulation on 6kW Broadcasting Trans- 
mutter using Choke Control. 


The modulation panel of the 6kW 
broadcasting set, as used in the British 
Broadcasting Company’s stations, can also 
be analysed on the above lines. The circuit 
is as shown in Fig. 18, the power oscillator 
taking the place of the external load. 


We have, E, = 10,000 volts. 
Power oscillator takes 150mA. 


10,000 
°. Re=—— = 67,000 ohms. 
15 
SALES MT.7B. VALVE Ro =40000 OHMS 
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PLATE VOLTAGE 
Fig. 19. 


From the characteristics of MT7B valves 
(Fig. 19) 
Ro = 40,000 ohms for one valve, 
= 13,300 ohms for three valves in 
parallel. 


Each valve has a safe loss of 500 watts. 
From the curves Fig. 19, we see that the 
working line for this case is A BC, or possibly 
A'B'C', without much distortion. 

For this line the possible range of modula 
tion is 6,400 volts and 95mA. - 

A.C. output = 4 + 6,400 X .095 

= 305 watts. 

For line A’B’C’ input to modulators is 
1.2kW. | 

.‘. Efficiency 305. 


= = 2 r cent. 
I,200 5 Pe 
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The possible depth of modulation is 64 per 
cent. 

If we had 6 MT7B’sin parallel with 1.5kW 
total loss the working line on the new 
scale would be A”B”C” giving a range of 
7,400 volts and IIOMA. : 


A.C. output = $x 7,400 x .110=408 watts. 


input = 1.5kW. 
eny = 408 _ 
Efficiency = o” 27 per cent. 


The possible depth of modulation is 74 per. 
cent. 

If therefore we could reduce the 
plate impedance of the MT7B to half 
its present value we could obtain. 
this result with three valves only. | 


From this calculation it is clear 
that there is not much gain in effi-.. 
ciency, in reducing R, from } R, to 

1 


TO Me. 

No doubt other examples that can 
be elucidated by the methods out- 
lined will occur to the reader. It 
will be seen that the advantages 
„of the plate current—plate voltage 
characteristics arise from the fact 
that all the electrical quantities 
(such as voltage, current and power) 
of the plate circuit are directly re- 
presented. 


Thus referring back to Fig. 3b we have :— 
1. H.T. battery voltage = E, = 0A. 
2. Working line for external resistance 
R, = AB where 94 = R.. 
OB 


3. Mean value of plate current =1,= CD. 

4. Resistance drop in external load. 
= R, Ip = AC. 

5. Mean anode voltage = E, 

= E, — R. Ip = OC. 

6. Watts lost in valve with no alternating 
voltage on grid = E, Ip = area of rectangle 
OC . CD. 

7. D.C. watts lost in external load = 
R. Ip = area of rectangle CA . CD. 


8. Amplitude of alternating component of ` 
anode voltage = ep = HF 
9. Amplitude of alternating component of — 
anode current = 1, = DH. 
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IO. —é€, and tp are also the amplitudes of 
the alternating components of voltage and 
current in the external load R.. 

II. A.C. power in external load = 4 e,1p 
= area of triangle DHF. 


My best thanks are due to Mr. H. J. Round 
for introducing me to the above methods of 
handling valve problems, and for his helpful 
interest in the work. 

Although the Ip— Ep characteristics can be 
easily derived from the Ip — E, characteristics 
usually provided by the valve manufacturers, 
it is to be hoped that the latter will see 
their way to provide the I,— E, character- 
istics either as standard, or as an alternative. 


Note.—DERIVATION OF Ip—E, CHARACTERISTICS 
FROM Ip—E, CHARACTERISTICS.’ 


Fig. A shows the Ip—E,g characteristics for the 
LS5 valve, each individual curve being obtained at 
the constant plate voltage marked on it. Now 
take a definite grid voltage (E„=O) for example 
represented by O on Fig. A. A vertical line OY 
through O cuts the family of curves in P, Q, R, S 
and T. These points give the relation between 
plate current and plate voltage at the particular 
constant grid voltage chosen (i.e, Eg=O). We 
can tabulate these as shown in the first two columns 
of the table at the end. 

In Fig. B we have taken plate voltage (Ep) and 
plate current (Ip) as axes and plotted the curve 
marked (E;=o) from the figures given in the first 
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two columns of the table. P’, Q’, R’, S’, T’ 
correspond to P, Q, R, S, T of Fig. A. By taking 
a series of values of E; (—Io, —20, etc.) and going 
through a similar process we obtain the complete 
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table and from these we can plot the family of 
Ep—Ip curves (shown in Fig. B) which we require. 
The full line curves are those representing definite 
points given in the table. Thedotted lines represent 
extensions deduced from the others by similarity. 
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Thus from the curves for Eg=o and E;=—z20 
we see that a change of —20 volts on the grid 
requires an increase of 120 volts on the plate, to 
keep the plate current constant. 

.*. Amplification factor = 120/20 = 6. 


The curve for Ey=—60 volts is obtained by 
displacing the curve for E,=—-40 bodily 120 volts 
to the right, and so on. 


Plate Plate current 1, in mA for the 
Voltage. constant grid voltage shown. 
Ep Eg=o kaulo? bme Ektucrĝoj 
150 20 IO o — 
200 30.2 18.5 8.4 2.0 
250 42.0 29.0 16.6 7.2 
300 54.0 40 23.5 15.5 
350 66.0 51.5 36.8 24.4 
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DX Work with a Receiving Valve. 


By A. D. Gay. 


OST amateur transmitters will 
M exercise a certain amount of caution 

in their selection of a transmitting 
valve, even if only from an economical point 
of view. For instance, if only a few watts 
are to be used the purchase of a large valve 
will not be justified. A valve designed for 
a large anode dissipation will much more 
easily lose a few watts than efficiently transfer 
a small power to the aerial, apart from the 
higher running cost for filament current. 
But, on the other hand, a large valve will 
become very useful when it is convenient 
to increase power input. When dry batteries 
are used it is not always desirable nor con- 
venient to increase power unless power mains 
are going to be utilised at some future date. 

When therefore the power is small it will 
be desirable to use a small valve independently 
of what will be used for ordinary work. 
There were a number of small ex-Government 
valves on the market suitable for low power 
working. The double plate “B” type, 
sold at ten shillings each, gave very good 
results. In size they were no larger than the 
usual “R” valve, but the plate, after 
making a complete turn to form the usual 
cylinder, was bent back the other way. 
The filaménts required about 5.5 volts, but 
an increase of much above this caused them 
to give up the ghost! 

After having a number of burn-outs in this 
way it was decided to look for something 
which might prove to be a cheaper and more 
durable form of oscillator. Experiments 
were tried with several types of receiving 
valves, not without a few mishaps, and at 
last a valve was found that gave excellent 
results combined with a long life, namely 
the Cossor PI. The filament rating of the 
Cossor valve is normally 3.5-4 volts, but it was 
found that a few have slightly longer filaments 
than others, and if one of these can be 
obtained so much the better. This feature 
can be detected when testing a few valves 
together, those with the longer filaments 
will not appear so bright. 

It will be found necessary to run the fila- 
ments on about 5.5 volts in the transmitter. 


[R545.1 


This might appear to be rather bright, 
but it will be found that they will stand up 
to this voltage quite well, and providing 
the anode does not become too hot an early 
burn-out need not be feared. Keying the 
negative H.T. is to be preferred as this 
helps to keep the anode cool. In keying 
any other part of the circuit the milliamps 
very often tend to rise in the plate circuit, 
but this method allows the plate current 
to drop to zero each time the key is lifted. 

During the month of February, 1924, using 
one of these valves, 
the writer was able 
to work six French 
stations: 8DA Mar- 
‘seilles, 8CT Bordeaux, 
8SSU and 80H Rhine- 
land, 8DU Metz, and 
8CZ Paris; Flemish 
P2, Luxembourg 1JW, 
Dutch oPB, and Danish 
7EC were worked and 
among a number of 
British stations are 
2AP Aberdeen, 5MO 
Newcastle, 5SI Shrews- 
bury, 5OL Liverpool, 
and 5KO Bristol. Several Scottish stations 
sent report cards. 

It was very interesting to note from reports 
received how reception varies in different 
parts of the country. In nine cases out of 
ten, signals reported heard in the Midlands 
are only about half as strong as they are 
in Scotland, but this may be due to a greater 
veracity on the part of the Midlanders! 
It would be very useful if some enterprising 
firm would bring out a map with these bad 
spots marked in different coloured inks. 
These spots are usually caused by local 
geological conditions, metallic deposits, etc. 

With reference to the sending of cards, 
and reports of reception to transmitting 
stations, this proceeding is exceedingly 
useful to all DX workers and is to be 
encouraged by all. The collection of Official 
Station Cards seems to be the outgrowth 
of the schoolday habit of collecting anything, 


Fig. I. 
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but, after all, they do look nice on the wall 
in all their varied hues. There are still a 
number of experimenters who do not trouble 
about cards, either sending or acknowledging, 
but these are neither DX workers nor morse 
senders, and usually cannot send their own 
call-signs properly. 
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The best piece of DX work done whilst 
using a receiving valve for transmitting was 
to Gibraltar, a distance of about 1,000 miles. 
The power input was 4.4 watts and strength 
of reception was R8. This must be nearly 
a record for this class of work at the time. 

The transmitting circuit is shown in Fig. 1. 


Makeshifts. 


Making a Measurement in an unusual manner to use existing Instruments. 


By G. H. Watson. 


hope of prompting others to seek 

alternative methods of measurement 
when ordinary instruments are not imme- 
diately obtainable. 

It was desired to measure the inductance 
of an iron-cored coil wound with fine wire, 
but no A.C. milliammeter was available, the 
smallest one reading o—2 amps, calibrated in 
1 amps, so the following circuit was fitted up. 


“es following notes are penned in the 


Fig. 1. 


The inductance was designed to carry IO 
milliamps so the voltage across it would be 


V =I x Impedance. 


_ IO 
1,000 

The voltage was measured by an electro- 
static voltmeter to prevent the instrument 
causing a load on the transformer. The 
current being measured in the primary 
circuit is 85 times larger than the secondary 
current. The operation was as follows :— 

Commence with potentiometer slider at A 
and increase towards B, adjusting also resist- 
ance X until current in ammeter reads 85 x Io 
millamps=o.85 amp (it was actually made 
to read 0.75). 


[R230 


The secondary voltage is now read (it 


was I40V) 
V=IxZ 
_ Primary I 
ore i rr 4 
and p -VXT Ratio _ 140 x 85 
Primary 1 75 
=16,000 w nearly, 

Z = 1/ R? + p2 

so P = 4/Z2— R? 


The resistance was 5,000 ohms 


so P = 4/160,0002—5,000? 
= 15,000 w approx. 


P = wL 
sO L=P/w, where w=2rf 
f was 50 
SO Bats = 50 henries nearly. 
314 


When the inductance was switched off, the 
primary current fell to a very low value—not 
measurable—and the secondary volts went 
up to 170. The drop of 30 volts on load, 1.e., 
170—140, was accounted for by the trans- 
former secondary resistance of 3,000 ohms. 


V drop = I x Internal resistance 
mO. —20 vol : 
TOTO 3,000==30 Volts approx 
From receiving the request to returning the 
inductance only two hours elapsed, so it was 
much quicker than sending to the manu- 
facturers for an A.C. milliammeter. 
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A Short Wave Wavemeter. 


By A. E. 


IRST of all it should be said that the 
FF heterodyne wavemeter herein described 
uses no so-called “ new circuit,” but is 
simply our old friend the Colpitt's oscillator. 

The main advantages of this type of wave- 
meter are that it will oscillate on any wave- 
length from five metres upwards, by merely 
changing one coil, and that the rotor of the 
tuning condenser is at ground potential. 
The one constructed by the author covers a 
wavelength range from fifteen to eighty 
metres. 

Because of the high frequencies covered 
it is, of course, necessary to have the induc- 
tance coils inside the shielded case if any 
degree of accuracy is desired. This is very 
simply accomplished by the use of low 
capacity switches which add additional 
loading coils to the circuit. Of course, it is 
necessary to have some inductance outside 
the shielding in order to couple the wave- 
meter to other circuits. This is best accom- 
plished by the use of a one turn “ pick-up ” 
coil. This “ pick-up” coil should not be 
too large, and should, above all, have a rigid 
construction. The one used by the author 
is about four inches in diameter and is 
constructed from -4 by } inch brass strip. 
For use on the very short waves it is not 
advisable to make this coil rotatable, because 
the frequency will be altered by different 
positions of the coil. 

It is not thought advisable to go into 
actual constructional details in this article 
because most amateurs have some of the 
equipment which they will want to use in 
constructing such a wavemeter, and there- 
fore, it seems advisable to give just a general 
description and let each amateur work out 
his own design to suit his particular require- 
ments. 

The main piece of apparatus necessary is 
the double variable condenser, in Fig. 1. 

This is a condenser having two sets of 
movable plates connected to the same shaft 
and two sets of fixed plates insulated from 
each other. Such condensers can easily be 
obtained on the open market, where they 


Tubbs. [R384 


are sold mainly for the purpose of simul- 
taneously tuning two stages of radio fre- 
quency amplification. If the wavemeter is 
designed to cover the short waves it will be 
absolutely necessary to have some sort of 
a high ratio vernier control. The author 
uses an “ Accuratune”” dial, having a ratio 
of eighty to one. And in -the neighbour- 
hood of fifteen and twenty metres a higher 
ratio would be desirable if obtainable. It 
should be unnecessary to say that the con- 
denser should be one of the best obtainable, 
both from an electrical and from a mechanical 
point of view. If possible it should have 
brass plates, which should be soldered, and 
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Fig. I. 


above all it should have good bearings so 
that it will hold its calibration. The dial 
must be fixed firmly to the condenser shaft. 
This is best done by drilling a hole in the 
condenser shaft to take the dial set-screw. 

It is advisable to have a good strong box 
for the meter, which must be thoroughly 
shielded, and for the short waves this shield- 
ing must be rigid. The author's method 
was to cut pieces of heavy sheet brass to 
fit the four sides and bottom of the box and 
then, after these were tacked firmly in place, 
the seams were soldered. The panel will 
also have to be shielded. If it is possible 
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to obtain ebonite which has the shielding 
already affixed to it, this will, of course, be 
the best. M not, a piece of sheet brass will 
have to be cut to fit the panel and after the 
instruments have been mounted, machine 
screws can be used to fasten the shielding 
at any place where it is not held firmly to 
the panel. 

The author mounted everything on the 
panel so that it may easily be removed from 
the case. Fig. 2 shows the method of mount- 
ing the panel. A strip of angle brass is 


placed around the entire top of the box. 


' This strip of angle brass serves the double 
purpose of holding the upper edges of the 
shielding in place and as a rest for the panel. 

he upper or horizontal flange of this angle 
brass has holes drilled in it and tapped to 
take machine screws 
which hold the panel 
in place. 

The battery leads 
were brought out 
through a hole at the 
bottom of the box, 
and in order to keep 
them rigid inside the 
box the heavy piece of 
brass strip B (Fig. 2) 
was fastened to the 
panel and the three 
battery leads were 
cabled and brought 
down this strip where 
they were rigidly 
fastened at its lower end. The negative 
H.T. lead, which is earthed to the shielding, 
was soldered to the lower end of this heavy 
brass strip. 

A terminal was connected to the shielding 
(G. Fig. I) and should be connected to a 
good earth when the instrument is being 
calibrated and, if possible, whenever it is 
used. This earth is for the purpose of 
reducing the effects of “ hand capacity,” 
etc. It should be borne in mind that a 
water pipe, or a radiator, on the third floor, 
is not a good earth and is worthless for this 
purpose. 

The author used one of the Western 
Electric peanut valves because of their 
small size and because they remain very 
constant in frequency over their whole life. 
The meter mA (Fig. 1) was a 300 milli- 
ampere meter. A meter of some sort is 
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absolutely necessary if any degree of accu- 
racy is desired, because the frequency is 
naturally dependent, to some extent, on 
the filament temperature. If the windings 
of this meter are not earthed to the meter 
case the latter should be earthed to the 
wavemeter shielding. For the W.E. valve 
a o.000IpF grid condenser and a 2 megohm 
grid-leak was used. The L.T. battery was 
one standard dry cell. The large dry cell 
was used instead of a small one because it 
was desired to use the wavemeter as a 
separate heterodyne at times. The H.T. 
battery was a 22.5 volt block and the con- 
denser across this battery should be 0.25 uF 
or larger. The telephone jack is very 
useful and it is advisable to include it in 
the wavemeter, although it should be un- 
necessary to say that no telephones should 
be plugged in when the meter is calibrated 
or when it is being used for accurate re- 
calibration work, because, although theoreti- 
cally the choke coil R.F.C. (Fig. 1) should 
prevent the telephones from having any 
effect on the frequency, practically this is 
not the case on high frequencies. But this 
jack will be found very useful for adding 
additional high tension when it is desired 
to find harmonics, although, of course, after 
the harmonic is once found, the additional 
battery should be removed because any wide 
variation in the H.T. will affect the fre- 
quency slightly. Also when it is desired to 
use the meter as a drive on long waves, a 
pair of telephones should be plugged in to 
act as an additional choke and a honeycomb 
coil of the proper size substituted for the 
pick-up coil. 

The calibration of such a wavemeter on 
the short waves is what is most likely to 
bother the average experimenter, so the 
method used by the author will be described. 
First it was decided to calibrate it to one- 
tenth of a metre. Also the dial readings 
were laid off to a tenth of a degree. (These 
were just read by judgment because it was 
thought that they could be judged more 
accurately than it was possible to make a 
vernier reading against the main dial). 
Then on a short wave receiver having a 
range from fifteen metres to over a hundred 
metres NKF was picked up on his 71.5 
metre wave. He can be found any morning 
(except Monday morning) about 01.30 G.M.T. 
transmitting to U.S. Shipboard, London. 
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His frequency is crystal controlled so he 
can be depended on for calibration. After 
he is located on the receiver the wavemeter 
is adjusted until the fundamental of the 
wavemeter produces a “ zero-beat” with 
his wave (the receiver had better be in a 
non-oscillating condition for this). Next 
bring the wavemeter up near the receiver 
and disconnect the receiver from the aerial. 
The earth should be left on the receiver to 
stabilise it. Now go down in wavelength 
on the receiver until the second harmonic of 
the wavemeter is heard and obtain a “ zero 
beat ’’ between the receiver and the wave- 
meter’s second harmonic. The receiver will 
now be tuned to 35.75 metres. The wave- 
meter should now be adjusted so that its 
fundamental beats with the fundamental of 
the receiver, in other words the wavemeter 
should be adjusted to 35.75 metres. In 
order to obtain this adjustment accurately 
it will most likely be found necessary to 
separate the wavemeter and the receiver 
farther from each other. In doing this, 
great care should be taken that the frequency 
being generated by the receiver is not altered 
in any way. After this point is marked on 
the curve the receiver should be reset to 
its original wave of 71.5 metres. This 
adjustment should be done by listening in 
the receiver until the double wave of the 
wavemeter is heard and not by attempting 
to reset the receiver to its original dial 
settings. Now with the receiver back to 
its original wave go down with the wave- 
meter until the third harmonic or 23.83 
metresisfound. The receiver is now brought 
down to 23.83 metres, always remembering 
to use the “Zero beat” method. Next 
go up with the wavemeter until the second 
harmonic of the wavemeter is heard (the 
double wave of the receiver or 47.66 metres). 
Now run down with the receiver until the 
third harmonic of the wavemeter is found 
(15.88 metres). The wavemeter is now 
brought down to 15.88 metres and the 
receiver shifted up to the quadruple wave 
or 63.52 metres. This same procedure is 
continued until the desired number of points 
are located on the curve. 

The points should be marked on the curve 
as each one is located, because it will then 
be possible to see if a mistake in locating 
the correct harmonic has been made. If 
a harmonic is missed, and a wrong one taken, 
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it will, of course, make a bad hump in the 
curve. If a mistake in harmonics is made 
the wavemeter should not be placed back 
to the last correct setting by taking the 
reading from the curve, but the harmonics 
should be traced back by the zero beat 
method until the wavemeter is once more 
back to the last correct setting. 

The curve can afterwards be checked 
from other stations of known wavelength. 
The American R.C.A. short wave stations 
are very handy for this purpose because 
they keep very close to their assigned fre- 
quency. The main R.C.A. short wave 
stations are WIR 74.03 metres, and WIZ 
43.03 metres. 


Fig. 3. 


Of course, for short waves the oscillator 
coils should be of a low loss construction, 
but the constructor must remember that 
in an instrument of this type a rigid, solid 
coil is more important than one of low loss 
construction. For the band in the neigh- 
bourhood of fifteen or twenty metres do 
not use two or three turns of large diameter 
but rather more turns of small diameter. 
A good rule is to have the coil diameter 
approximately the same as the coil length. 

An improvement that might be sug- 
gested would be the use of a large non- 
inductive resistance* of five or ten thousand 
ohms instead of the choke coil. This would 


* [Troubles due to capacity in this resistance and 
fittings are likely to nullify the specified advantages 
of this method. —Ep.] 
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have the advantage of being constant over 
the whole wave band and also naturally has 
a more rigid construction. It should also 
make the circuit less sensitive to H.T. 
changes. 

Fig. 3 is a photograph of the completed 
wavemeter. As can be seen from the photo- 
graph it is self-contained in a stout oak box, 
having two compartments; one for the 
wavemeter itself and the other for the 
batteries, pick-up loop, etc. 

The pick-up loop, seen in the upper left 
hand corner, is detachable so that the cover 
may be closed. It has two small plugs which 
fit into two jacks, which are well separated 
on the panel. 

To the right of the pick-up coil is seen the 
switch which is used for adding the extra 
inductance coil. Next comes the filament 
switch and to the extreme right of the panel, 
behind the tuning dial, is the filament rheo- 
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stat. In the lower left hand corner is the 
filament milliammeter and just above it 
to the extreme left is the earth terminal. 
Next to the right of the milliammeter is 
the telephone jack. In the lower right hand 
corner is the “ Accuratune ” dial which 
controls the tuning condenser. 

It will be noticed that the pick-up coil 
has been so placed that there will be a mini- 
mum of ‘“hand-capacity’’ effect while 
tuning. Also notice that the marker, which 
the dial reads against, is placed on the lower 
left hand edge of the dial. This marker 
must have a rigid construction. The one 
shown in the photograph is a block of 
ebonite, tapered so as to go under the edge 
of the dial. This block is firmly held on 
the panel by two machine screws. A fine 
line was made on the bevelled surface 
which goes under the dial, and this line 
filled with a white substance. 


The International Morse Code. 


HE wide range and cosmopolitan nature 
| of amateur transmission has brought into 
prominence the necessity for extending the 
International Morse Code to include the various 
accented letters peculiar to ditferent languages. We 
understand that radio societies in several countries 
are endeavouring to draw up code signs to be used 
in national communications in their respective 
languages, and it is probable that these, when 
agreed, will eventually be used in international 
communication. 
In the Czeck language there are the following 
accented letters :— 


Z, c, S, r, e, a, y, i, é, ú, ù, t, d, 
for which, at present, the ordinary alphabetical 
signs are used, but the Czechoslovakian Radto 


Revue is strongly advocating the allotment of 
special signs to these letters. 


We understand that in Russia the following 
signs are in use :— 


z ---— (=v) l ———-(=6) s ————{=ch) 
sc ——-— (=q) ja-—-—(=i) Ju--——(=i) 
Epose (=9 v-—— (=w) ch----(=h) 


The Swedish language has the following accented 
letters with their corresponding morse signs :— 


ö— — — - (as in German, pronounced as “i” in 
“bird ”). 

a - — -— (as in German, pronounced as "' ai” in 

o . 

a -——-— (pronounced as “o” in '“go”). 


These last are, of course, commonly used in 
Continental morse as are also— 


ch = ———— 


! 
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Effective Resistance of Inductance Coils 
at Radio Frequency.—Part IV. 


By S. Butterworth 


[R144 


(Admiralty Research Laboratory, Teddington.) 


22. Number of Turns in Coil. 


A complete consideration of the factors 
governing design should also include the 
question of the relative number of turns in 
various shapes of coils, as it 1s clear that a 
coil of few turns is more quickly wound than 
one of a large number of turns. A glance 
at Table VIII. shows that ZL, diminishes 
both with increase of winding length and 
of winding depth. 

Since L = L, N2D, the turns must there- 
fore increase to hold the inductance constant 
as either b or t increases. 

This is true if the diameter of the coil 
is held constant. For coils of equal surface 
areas the diameter diminishes as the winding 
length increases and this diminution must 
be further compensated for by added turns. 
These considerations give a further bias 
in favour of short. shallow coils. 


23. Determination of the Best Wire Diameter. 


Whatever the basis of design we must 
make the wire diameter such that R, = MR, 
where M = 1, 2, 3.5, or 3.67 under the 
various alternative conditions considered 
above. 

If in all cases we make R, = Ry, which is 
the correct relation for minimum resistance 
in a given space at high frequencies, then 
at low frequencies the resulting resistance 
is 1.06 times the least resistance possible 
in the available space, and 1.18 times the 
least resistance possible with the weight 
of copper employed. Thus if we use the 
condition of equal copper losses to determine 
the best diameter of the wire, we shall never 
be very far from the most efficient: condition 
for the shape of coil emploved. It is, how- 
ever, to be understood that it mav be 
profitable to use wire of a diameter slightly 


less than that estimated by the following 
method, particularly in the case of coils 
of large inductance working at long wave- 
lengths. 

Equating the values of R, and R, as 
given by equation (35) our equation to 
determine the wire diameter is 


1--F = }(KNd'D)?G = }(K2/L,) (L'D3)d?G 
S?L 
=ni d?G = P?a2G (47) 
in which we have written S? for the shape 
factor /K2/L, and then put 


p? = p: Kio .. (48) 


Remembering that F and G are functions 
of dft, that is, of (Pd) (f/P2)!, equation 
(47) may be regarded as an equation con- 
necting the two variables Pd and f/P?, so 
that, if a single curve be drawn with f/P? as 
abscisse and Pd as ordinates, this curve 
may be used to determine d, the only calcu- 
lation necessary being that for P from 
equation (48). 

The curve connecting Pd with f/P? is 
given in Fig. 7, together with a table of 
values of the shape factor S for multilayer 
coils. For single-layer coils the following 
values hold for S :— 


SINGLE-LAYER SOLENOIDS. 


b/D 0.125 | 0.250 | 0.375 | 0.500 
S ms a 1.30 0.76 ' 0.57 0.48 
SINGLE-LAYER Disc CoILs 

| | 
tiD O.I | 0.2 0.3 0.4 0.5 
5 Le 1.67 | 1.12 1.06 1.16 


i 1.02 
| 
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In order to obtain a long range for the 
abscissg the horizontal scale has been made 
logarithmic and the curve divided into 
two sections (A) and (B). The section (A) 
holds from //P2 = Io“ to 108 and the section 
(B) from f/P2 = 10$ to 108. When f/P? 
= 108 it is seen that Pd has nearly settled 
down to the constant value 0.165, so that 
this relation may be used to find d for values 
of f/P? greater than 108. 


. DEEPLY WOUND INDUCTANCE COILS. 
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coil was to take a series of values of dft 
(thus fixing F and G) and then to find the 
corresponding values of d from (47). The 
value of f follows since df? is known. 


24. Application to 2,000LH Coil. 

In order to show the application of the 
theory in a practical case, we will consider 
the case of a coil intended to be used at a 
wavelength of 1,600 metres, as this is a 


CHART FOR DETERMINATION OF BEST DIAMETER OF WIRE. 


107° (A) 
(8) 


= — 
Fig. 7. 


When f/P2 is less than Io“ the value of 
dis got from the formula 


de = 1000 (49) 
mmm 

It will be noticed that the values of S 
in the Table are not equal to K/2L,f but 
merely proportional thereto. This does not 
affect the accuracy of the curve provided 
that the constant of proportionality be 
included in (47) in calculating the curve. 
The reason for the change was to make 
S equal to unity for a shape which was 
considered to possess general efficiency, 
viz: b/|D = 0.125, t/D = 0.2. In fact, 
the curve was calculated so as to give a 
direct relation between f and d for a coil 
of this shape for which L = 1,000W/H 
and D = IO cms. The mode of cal- 
culating the points for the curve for this 


wavelength for which most coils on the 
market are at present wound with the wrong 
diameter of wire. We will choose for the 
inductance of the coil 2,000uH, as at the 
above wavelength the resonating capacity 
has the convenient value of 360upF. A 
convenient size and efficient shape (see 
Tables IX. and X.) is 


D = 4in. = I0 cm., b = 1.25 cm., 
t = 2.0 cm. 


For this shape by Table VIII. Ly = 9.10, 
so that the number of turns required is 


21900 x I,000 __ 
9.10 X IO 


by equation (36). We now determine the 
correct gauge of wire by means of Fig. 7. 


From the Table accompanying the Fig. 
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S ==I, and therefore by equation 

pe — 2,000 X I? 

I0? 

For a wavelength of 1,600 metres the 
frequency is 188,000 so that //P2=9.4 XIOf. 
Therefore, using curve (A), Pd = 0.445 
and this gives d = 0.3I4 mm. The nearest 
gauge to this is No. 30 s.W.G. Remembering 
that this is the gauge which will make 
R, = R, and that the best condition should 
be such that R, is somewhat less than R, as 
the frequency cannot be regarded as “ high” 
in association with this diameter, it will 
probably be profitable to use No. 32 gauge. 

To verify the design and to determine the 
expected copper resistance the following 
table of values of the copper resistances 
of the coil, using various wire gauges, has 
been calculated by means of the resistance 
equation (35). 


(48) 
= 2 and P = 1.414. 


| 
| D.C. re- | A.C. resistances. 


Ohms. 
Wire sistance | č ç ç —ć R: = 
gauge. (ohms). R Ra. Rs+ Rr 
36 21.7 | 21.7 1.2 22.9 
34 14.8 | 14.9 2.5 17.4 
32 10.8 10.9 4-7 15.6 
30 8.2 | 8.3 8.1 16.4 
28 | 5-7 6.0 13.7 19.7 
26 | 3.9 4.3 24.0 28.3 
24 | 2.6 | 3.1 37.6 40.7 
| 


The Table thus verifies the design in that 
No. 32 wire is showing the lowest resistance. 
The gauges have been carried to No. 24, as 
many commercial coils employ gauges up to 
this value. When it is pointed out that the 
winding section can accommodate the re- 
quired turns with No. 18 wire it will be seen 
that even with the thickest tabulated wire 
there is ample spacing but not enough to 
reduce the copper losses to their minimum 
value. The advocates of very thin wire are 
justified by the results of the Table, as 
No. 36 wire gives better results than the 
gauges usually employed. 

To return to the design, all we now 
require is the mode of distributing the turns 
throughout the winding section. This dis- 
tribution will hardly affect the copper losses, 
but will have a considerable effect upon the 
self-capacity and therefore on the dielectric 
losses (such as they are). 
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The principle is simple. Double spacing 
requires considerable care and an elaborate 
framework, while the gains are doubtful. 
With single spacing (that is spacing between 
the layers but none between the turms in 
one layer) the smallest self-capacity will be 
obtained if the layers are short and many. 
Thus with a coil of the present shape the 
layers must be parallel to the winding length 
and spaced: throughout the winding depth. 
Allowing for insulation we should be able to 
obtain 30 turns in a winding length of 1.25 cm. 
and thus we should need five layers spaced 
at distances of 4 mm. 

The former should have an inner diameter 
of about 6.4 cm., giving for the diameter of 
the outer layer 9.6 cm. The effective dia- 
meter is then 10cm. as we must add the 
layer spacing to the outer layer diameter to 
obtain the effective outer diameter. 


Fig. 8. 


If we had chosen a shape in which the 
winding depth was less than the winding 
length, the type of winding to employ would 
be a “banked ” winding with spacing be- 
tween the banks. If suitable insulating 
combs are employed to support the banks a 
coil of this type may be wound very rapidly 
and thus has an advantage over a coil of the 
above type when very close coupling between 
other coils is not contemplated. 'The pro- 
cedure of design for this type of coil is 
exactly as in the above case, the number of 
banks and of turns per bank being decided 
upon after the correct diameter of wire has 
been found. 

An efficient coil of the “ banked ” type is 
shown in Fig. 8. The combs c, c... holding 
the windings are of ebonite 1} in. x} in. x 
$ in. and have nine slots # in. deep and 4 in. 
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apart, the slot width being such as to give 
an easy fit to No. 30 D.S.C. wire. A V-shaped 
opening is filed into each slot mouth so that 
the wire will slip readily into its proper slot 
when winding. The combs are supported as 
shown round the circumference of a maho- 
gany bobbin of external diameter 43? in., the 
width of the cheeks being } in. and their 
internal separation I in. If the coil is 
intended for use at 1,600 metres the wire to 
use is No. 30 D.S.c. and the coil is wound 
bank by bank, allocating I5 turns to each 
bank so that the total turns in the coil is 
135. Three of these banks are shown wound 
in the end elevation. 

A coil wound by the writer to the above 
specification gave the following effective 
dimensions :— 


D=11.0 cm., b=2.7 cm., t=0.65 cm. 


As regards D it will be noticed that the 
coil is octagonal, and therefore the value 
given for the external diameter has been 
taken as the mean between the diameters of 
the inscribed and circumscribed circles of 
the external octagon. The theoretical cal- 
culations assume this diameter for the 
equivalent circular coil. 

It was found that the measured and 
calculated inductance were both equal to 
2420HH, the measurement being made 
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on an inductance-capacity bridge at a 
frequency of 1,000 cycles pe- second An 
inductance measurement made at radio 
frequency by the calibration department of 
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E.W. & W.E. gave a value of 2,445H and 
a self-capacity of 1.5upF. 

As regards the high frequency resistance 
the writer obtained the following results 
using the resistance variation method and 
a thermo galvanometer of resistance 5.I 
ohms as detector. The tabulated measured 
values include all losses in the circuit apart 
from the copper losses in the leads and the 


` D.C. losses in the detector. 


The calculated resistances have been 
obtained from equation (35), using the 
measured value of the D.C. resistance, 


viz.: IO ohms. 

Wavelength  Obsd. A.C. Res.| Calcd. A.C. Res. 
(metres) | (ohms.) (ohms.) 
2,270 | 15 12 
2,500 | 16 14 
2,070 18 16 
1,850 2I 18 
1,580 23 20 
1,470 24 2I 


Two measurements of H.F. resistance were 
also made by the calibration department of 
E.W. & W.E., in which the losses in the rest 
of the circuit were carefully estimated. 
They found at 

1,605 metres A.C. resistance = 20 ohms. 

2090 ,, FF = == ISi :33 
These are in practical agreement with the 
calculated copper resistance and thus indicate 
that the copper losses are the sole measurable 
losses in the coil. 

In order to see what gains have been 
effected by scientific design two popular 
commercial coils having an approximate 
inductance of 2,000uH were also measured. 
The results are exhibited in the curves 
of Fig. In this fig. the curves of 
wL|R are plotted against wavelength for 
each coil. It is readily shown that if an 
E.M.F. e be impressed on a resonant circuit 
containing the coil and a condenser free 
from loss the P.D. developed across the con- 
denser terminals is given by wLe|R, so that 
the factor wL/R tells us what magnification 
of the applied E.M.F. may be obtained under 
ideal conditions when using the coil under 
test. This factor is probably thus the best 
factor to use for the comparison of coils of 
slightly different inductances. 
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The two commercial coils give the curves 
marked A and B and the above “ banked 
winding ” coil gives the curve C. The data 
for the coils A and B are as follow :— 


Coil A Coil B 
Wire gauge ko ee 24 26 ` 
External diam. .. ia 8.3 | 6.6 cm 
Coil length = == 1.5 | 2.6 cm 
Self-capacity .. lim 5 2IuuF. 
Inductance ‘ 2,300 | 


2,1804H. 


The curves show that at 1,600 metres the 
magnification factors for the coils A, B and C 
are 3I, 42 and 125 respectively. It is true 
that in constructing what we consider to be 
the best solid wire coil for reception at this 
wavelength we have allowed ourselves 
rather more space than is usually assigned 
to these coils, but the difference is not so 
much due to this as to a correct choice of 
wire diameter. For coils of the size of 
A and B it is not unreasonable to expect a 
magnification factor of 100 without having 
recourse to stranded wire, provided that the 
correct diameter of wire is employed and the 
coils are wound in such a manner as to give 
the minimum self-capacity. 


25. Stranded Wire Coils. 


We are now to investigate what advantage 
may be gained by winding coils with stranded 
instead of solid wire. The type of stranded 
wire studied is that known as “ litzendraht ” 
in which each strand is separately insulated 
either by enamel or a single silk covering 
and the strands braided together in such a 
manner that throughout the length of the 
multiple conductor an individual strand 
occupies in turn all possible positions in the 
winding section. The object of this braiding 
is to ensure that each strand of the parallel 
system is subject to the same induced E.M.F. 
when alternating current flows along the 
conductor. Otherwise the outer strands 
would shield the inner strands and the 
current at high frequencies would only be 
carried by the outer strands. The necessary 
intermingling of the strands is usually brought 
about by constructing the cable on the 
“three” system, in which three strands 
are first twisted together to form a single 
cable and then three 3-stranded cables are 
twisted to form a g-stranded cable and so 
“forth so that we may use cables having 
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3, 9, 27, .. . 3' strands. The wire gauges 
used in constructing stranded cable usually 
vary from No. 36 to No. 44. 

It will be seen from the mode of construc- 
tion that the D.C. resistance of a stranded 
cable having strands is somewhat greater 
than the resistance of an equivalent length 
of solid conductor having the same copper 
section, as each strand makes a helical path 
and has thus a length greater than the 
length of the cable. This fact should be 
remembered when we are comparing 
theoretical and observed resistances. 

There appears to be considerable diversity 
of opinion as to the relative merits of stranded 
and solid conductor for use in A.C. work. 
Some experimenters have even come to the 
conclusion that stranded wire coils have 
higher resistances than corresponding 
solid wire coils. The italics are introduced 
as the whole controversy on this point 
revolves round the fair method of com- 
parison. The experimental comparison 
usually made is between coils having some 
simple common property in addition to 
equality between inductances. The favourite 
mode of comparison is to make the D.C. 
resistances equal and then to compare the 
A.C. resistances of the pair over a range of 
frequencies. When this mode of comparison 
is adopted it is found that the stranded wire 
coil has the initial advantage, the resistance 
of both coils increasing as the square of the 
frequency but the rate of increase of resist- 
ance of the solid wire coil being greater. 
At higher frequencies the solid wire coil falls 
away from the square law before the stranded 
wire coil, so that the two resistance curves 
tend to approach. At a certain frequency 
the curves cross and the solid wire coil then 
becomes better than the stranded wire coil. 
The experimenter then says that it is better 
to use solid wire above the frequency of 
cross over. The critical frequency he recom- 
mends depends upon the type of coil he 
happens to use for his experiments. 

A more scientific mode of comparison was 
that made by Prof. Howe in a theoretical 
investigation on stranded conductors (loc.ctt.9) 
Howe pointed out that for a given overall 
diameter of stranded cable there was an 
optimum number of strands of given diameter 
which would give a minimum A.C. resistance. 
He estimated the minimum resistance in a 
number of cases and compared it with the 
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resistance which would be obtained with a 
solid conductor having the same overall 
diameter as the stranded wire. The cases 
he considered were those of straight cable 
and of long single layer solenoids. He 
described this as a “ safe” mode of com- 
parison, as we should be certain that both 
types of conductor would fit into the avail- 
able space. It may be said that the com- 
parisons did not augur well for stranded wire, 
particularly at the higher frequencies. In 
criticism of the method it may be pointed out 
that we have already shown that there is a 
great deal of air space still available in 
deeply wound inductance coils when the best 
diameter of solid wire is employed, so that 
it may (and will) turn out that the best 
stranded wire coil will have greater overall 
diameter than the best solid wire diameter 
and yet the wire may be accommodated. 
The above comparison in these cases there- 
fore fails. | 

Prof. Fortescue (loc. cit.11) made a still 
better comparison, in that he found the best 
solid wire diameter and the best number of 
strands and compared coils under these 
conditions. The limitations of his theory 
have already been discussed and it is con- 
sidered advisable to use the same method of 
comparison with these limitations removed. 

The basis of comparison will therefore be 
between the best solid wire and best stranded 
wire coil at a particular frequency. An 
experimental comparison on this basis for 
all frequencies is obviously a task of some 
magnitude, as it would involve winding a 
great number of coils, particularly if we are 
ignorant as to the best diameters of wire to 
employ. It is better to compare the 
theoretical resistance formulz with experi- 
ment in a few typical cases and, if these 
comparisons justify the formule, deduce the 
relative merits of the two types of coils from 
the theoretical formule. 

The comparison will differ from that of 
Fortescue in that the best gauge for a given 
number of strands will be found instead of 
the best number of strands for a given gauge, 
as the latter mode of comparison often leads 
to a number of strands not practically 
available; whereas if we choose the nearest 
gauge to that indicated by theory for a 
known possible number of strands we are 
never very far from the minimum possible 
resistance. 


, 
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25.1. Resistance of Stranded Wire Coils. 


Let d be the diameter of one strand, n be 
the number of strands and d, the overall 
diameter of the stranded wire. Then it has 
been shown (loc. cit.12) that the alternating 
current resistance of the stranded conductor 
when straight is given by the formula 


R,=R{1+F +h (nd/d.)2G } (49) 


in which R is the D.C. resistance of the 
stranded conductor and F and G have the 
same significance as before, z being calcu- 
lated from the diameter of a single strand. 
As regards k, this depends upon x. For the 
usual types of stranded wire we have :— 

n 3 9 27 large 

k I55 1.84 1.92 2 
For the case of a coil of stranded wire the 
resistance due to the remaining turns is 
calculated as in the case of solid wire coils. 
Thus, since the D.C. resistance of each strand 
is nR, and since there are n strands in each 
turn, we obtain 


Rr =} R (KNnd/D)2G (50) 
Hence for the whole resistance 
R,=R,--R,= 
R!/1--F--(klde8--AKeN2|D? n2a2G} (51) 


25.2. Test of Formula by Comparison with 
Observation. 


A series of stranded wire coils, forming 
part of the Standard Multivibrator Wave- 
meter in use at the National Physical 
Laboratory, serve admirably to test the 
adequacy of the formula. The comparison 
will also clear up certain doubts which have 
been raised in regard to stranded wire. 

The values of the decrements (R/2fL) of 
these coils have been given by Mr. D. W. 
Dye (loc. cit.1) and the coil details are to 
be found in the ‘ Specification and Notes ” 
supplied by the N.P.L. From these data 
the following Tables have been prepared. 

The calculated A.C. resistances have been 
corrected for capacity in accordance with 
the formula already given. The agreement 
is very satisfactory, and shows that the losses 
other than copper losses are small even in 
these very efficient coils. The last column 
gives the magnification factor wL/R and is 
inserted to show the increase in efficiency to 
be expected by resorting to stranded wire 
and having coils of this diameter. It is, 
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interesting to notice that the first coil has 
not symmetrical stranding, but this does 
not appear to affect seriously the copper 
losses. 

The type of insulation covering the in- 
dividual strands is given and the Tables 
clearly show that no disadvantage is to be 
expected by employing enamelled instead 
of silk-covered strands. 


COIL, I. 


INDUCTANCE 100,000HH, TURNS 1,024, 
WIRE 10/36 S.S.C. 
D=18.8 cm., b=5.I cm., t=5.2 cm. 


| = e Calculated 


Frequency.. D.C. 
| resistance. gr eae wL|R 
Kilocycles | 
Per sec. - Ohms. | Ohms. | Ohms. | = 
IO | 25.3 30 28 | 210 
15 | 32 31 295 
20 36 35 |, 350 
25 47 ae 38 | 330 
COIL II. 


INDUCTANCE 20,000uH, TURNS 427, 
WIRE 27/40 S.S.C. 


noe cm., b= 3.0 crn., t=5.8 cm. 
Frequency. ees aa a Calculated 


resistance, resistance. resistance.| wL/R 
Kilocycles. 
Per sec. | Ohms. | Ohms. | Ohms. _ i 
| | 
25 | 10.5 10.4 300 
30 | 9.84 10.8 10.7 350 
40 | b 4122 11.4 410 
50 l i 15.0 I2.2 420 
60 | 197 | 13.2 | 360 " 
——-—— 
COIL III. 
INDUCTANCE 5,000uH, TURNS 200, 
WIRE 81/40 ENAMEL. 
D=18.0 cm., b=1.6 cm., t=5.0 cm. 
| | 
Frequency. | Estimated = | Catetateg 
! resistance. resistance., resistance.| wL|R 
Kilocycles.) 
“Per sec. : Ohms. Ohms. | Ohms 
ee a Lo, | 
[ 
50 EN za 31 | 28 505 
60 | 3.8 3.3 495 
80 5.4 4.8 465 
100 | 7.0 | 6 7 450 
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COIL IV. 


INDUCTANCE 995uH, TuRNS 96, 
WIRE 81/40 ENAMEL. 
aL 5 cm., b=1.5 cm., =; 8 cm. 


Ereauene Estimated Measured ‘Calculated 
quency. “DC . AC | AC. 
resistance. resistance. resistance.| wLi R 


Kilocycles. | | 
Per sec. Ohms. - Ohms. _ Ohms. 

ee ee oe ee | —- - 
100 | 0.63 I.2 | I.I 520 
150 | | 1.7 | 1.7 550 
200 2.4 | 2.5 520 
250 : 3.4 | 3-6 400 

COIL V. 


INDUCIANCE 202uH, TURNS 36, WIRE 81/40 S.S.C. 

DOUBLE-LAYER Disc COIL. 

ao OT I SE mo. 
| 


Frequency. Estimated Measured | Calculated 


D.C. A.C. | A.C. 
resistance. resistance. resistance.) wL/R 
Kilocycles. | | 
Per sec. | Ohms. Ohms. | _ Ohms. 
250 0.258 0.9 0.7 350 
300 LI 0.9 345 
400 1.7 l oF 300 
500 2.4 2.0 265 
600 3-4 2.9 225 


As regards Coil V, Mr. Dye stated that its 
decrement curve (which is distinctly worse 
than that for the other coils) was not under- 
stood, but the Tables show that it is behaving 
exactly as expected by theory. As to how 
it may be improved will be considered when 
we have dealt with the theory of the design 
of stranded wire coils. 


25.3. Design of Stranded Wire Coils. 


The procedure of design is exactly analo- 
gous to that for solid wire coils, using formula 
(51) for our resistance equation. The only 
difficulty is that due to the term involving d,, 
the overall diameter of the stranded wire. If 
we regard the number of strands (n) as fixed 
and seek the best diameter of an individual 
strand, then, as d varies, d, will also vary, 
but not so rapidly as d because of the space 
occupied by the insulation. As a rough 
approximation, therefore, we take d, to be 
independent of d and to have a value which 
is correct for the mid gauges of wire usually 
used in stranded conductors. This makes 
d,“=0.07n when dọ is measured in milli- 
metres. This approximation is probably 
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good enough for the purpose, as the term 
involving d, will usually contribute only a 
small amount to the total resistance. When 
the approximate gauge has been found using 
this assumption, formula (51) may then be 
employed, using the correct values of do 
to calculate the resistance for a gauge or 
two on either side in order to discover the 
true best diameter. 

With the assumption d,?=0.07n, the 
method of determining the best d is as 
follows :— 

Calculate P from the formula 

P? = o + n?S2?L/ D? (52) 
in which ø is a function of n having the 
values 

o=.. O 0.9 3.3 10.4 0.47 
for n = «I 3 9 27 large 
The best diameter d of an individual strand 
is then found from Fig. 7, exactly as in the 
case of solid wire coils. 

It must be remembered that Fig. 7 gives 
the diameter which will make R,= R+, and 
since the wire usually turns out to be thin 
the correct relation for minimum losses is 
R,=2R,. The result is that the wire 
gauge should be somewhat less than that 
estimated by the above method. If, as is 
often the case, we are intending the coil for 
a range of frequencies it is well to estimate 
the diameter by the above method for the 
highest frequency, as then the minimum 
condition will fall well inside the range of 
working frequency. 


25.4. Example. 


In illustration of the method of design we 
will take Coil V. of the wavemeter series 
above. An examination of the Table shows 
that the measured A.C. resistance is much 
more than double the D.C. resistance, and 
as the D.C: resistance is practically also 
the skin resistance for this gauge, we see that 
the general field losses are too big, which 
indicates thinner wire if we keep to 81 
strands. This is probably impracticable on 
account of the difficulties of manipulation. 
So we will try what mav be obtained with 
27 strands. From the coil shape we find 
S=1.34. Inserting this and the remaining 
factors in (52),P?=67, and as we are designing 
for f=600,000 f/P2«104 and therefore the 
formula d?=7,600/fP is applicable; this gives 
d=0.116 mm. and No. 40 wire is indicated. 
The data are now complete for calculating 


= 
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the A.C. resistance by formula (51), which, 
with do=1.4 mm., gives R,=1.8 ohms at 
600,000 cycles per second. This is an 
appreciable gain on the value found with 
81/40 wire. The resistances at the lower 
frequencies may readily be found as the 
square law of frequency holds for this case. 
It is found that at 250,000 cycles per sec. 
the A.C. resistance is I.O ohm, somewhat 
higher than that for 81/40 wire, but, taken 
over the whole range the coil is a better 
coil in regard to efficiency, and this has been 
obtained after sacrificing the extremely 
fine stranding. The example clearly shows 
how difficult 1t would be to obtain the best 
results from stranded wire without having 
recourse to theory. 


25.5. Stranded and Solid Wire Coils compared. 


The comparison between the two types of 
coils is most readily effected by making use 
of formula (52). As a first approximation 
we will neglect o. This approximation is 
suitable particularly for coils of large induc- 
tance and for coils in which a high degree of 
stranding is employed. For coils otherwise 
equal, P is then proportional to n. Now 
if the frequency is low the best diameter of 
wire is given by (49), from which we see that 
d is proportional r/n. Further, when the 
best diameter of wire is used, the A.C. 
resistance is proportional to the D.C. resist- 
ance of the stranded conductor, so that both 
are proportional to 1/nd? that is to r/n. 
For low frequencies, therefore, the best A.C. 
resistance varies inversely as the cube root 
of the number of strands. Next suppose 
the frequency so high that the square root 
law holds for all possible diameters of strand. 
The law for determining the best diameter 
is then Pd=o.165 and since P is proportional 
to n, nd is constant. But at these high 
frequencies the A.C. resistance is inversely 
proportional to md. Thus at very high 
frequencies there is no gain whatever by 
stranding. 

If, now, o beincluded,the low frequency gain 
estimated above will be somewhat reduced 
and at very high frequencies stranding 
will actually increase the resistance. In 
practice, however, this case will rarely arise, 
and it will be found possible to design small 
low inductance coils for use at a wavelength 
of 100 metres which have lower resistance 
than the best corresponding solid wire coil. 
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The gain, however, will be small. The real 
objection to stranded wire coils at very high 
frequencies is not that the resistance cannot 
be reduced but that the gain is so small that 
it is not worth the extra expense. In order 
to obtain some concrete idea as to the relative 
merits of solid and stranded wire coils we 
may take the first five coils of the series 
of coils quoted in Section 15. 

The following Table shows the theoretical 
magnifications for these coils when they are 
wound with the best solid and g-stranded 


wire respectively, the wave lengths being. 


such that each coil is in resonance with a 
condenser of 500upF. 


MAGNIFICATIONS OF SOLID AND STRANDED WIRE 


CoILs. 
D=8.3 cm., b=1.5 cm., t=3.0 cm. 

[SETI €i re aar rar 
Coil No. .. |i 2 
Inductance (HH). 73 | 183 ne 568 oe 170 
Wavelength (metres) 362 | 563 | 786 ' 1170 | 1,970 
Magnification(wL/R) 
Best solid wire 133 | 122 | 116 ' 112 108 
Best 9-stranded wire | 192 | 198 | 203 ' 208° 224 


It may be remarked here that the above 
shape of coil is not at the peak of efficiency 
in regard to shape. The coil of Section 24 
is better in this respect and, as we have seen, 
gives a magnification of at least 125 at I 600 
metres. If wound with 9/38 wire (in 13 
banks of 10 or II turns each) this magnifica- 
tion should be doubled. 

It is not therefore unreasonable to expect 
a magnification of roo for all solid wire coils 
and of 200 for all g-stranded wire coils 
while still keeping to the usual sizes of 
receiving coils. 


APPENDIX. 


Determination of Mean Square Field over Winding 
Section of Inductance Coils. 


(A) Deeply Wound Coils. 


It is necessary first to find expressions for the 
axial and radial magnetic field components through- 
out the section of the coil. These components 
may be calculated if we know the axial and radial 
fields at any point on the end face of a “ solid ” 
coil, that is, a coil wound full from the centre. 
The writer was unable to find any published 
formule for these components, but as reliable 
formule exist for the mutual inductance between 
solid coils (Phil. Mag., 29, p. 578, 1915) the 
necessary formule were derived from these funda- 
mental formule, and tables of field values calcu- 
lated. By using a system of curves drawn with the 
help of these Tables it is possible to determine the 


491 


August, 1926 


field at any point within the winding section of a 
coil which is not fully wound, as the process is 
merely one of addition and subtraction. 

For the determination of the mean square field 
throughout the length of wire it is necessary to find 
the mean value of H?r over the winding section, 
H being the field at radial distance r. Now as 
regards the mean value of this quantity over any 
cylinder co-axial with the coil, it is easily deduced 
by Taylor’s Theorem that if b be the winding length 
of the coil a good approximation to the required 
mean value is obtained by taking the values at the 
three points within the winding section situated at 
0.056), 0.250b, and 0.4440 respectively and finding 
their weighted mean, the respective weights being 
5. 8 and 5. The same process may be applied in 
taking the mean of the means for the various 
elementary cylinders. The operation for determin- 
ing the mean square field is thus reduced to the 
determination of the weighted value of H?r at nine 
points in the winding section, whose positions and 
respective weights are as follow :— 


i 


0.444 


ujb = 0.056 0.250 

v/i Weights. ' Weights. | Weights. 
O.II2 25 | 40 25 
0.500 40 | 64 40 
0.888 25 | 40 25 


Here u is the axial displacement of the point from 
the end plane of the coil and v the depth below its 
outer surface. 

The values of K given in the text were found in 
this manner, but in order to remove any doubt in 
regard to the accuracy of the above approximation, 
the values of K were in a few cases also calculated 
by graphical integration using a much larger number 
of points. These determinations agreed with the 
tabulated values. 


(B) Solenoids and Disc Coils. 


From the formulæ given in the text for these 
cases it is easily shown that for single-layer solenoids 
K2=4uD2/b2 and for single-layer disc coils 
K2=4uD?/i2ĉ. As regards the m layered coils we 
merely replace u by u +3.29(1 — I/m?). 


(c) Coils for which the Winding Section is very small 
compared with the Coil Diameter. 


In this case the function K becomes ety large 
and it is preferable to write 
H?m= UN2 [2/62 
where b is the winding length and U is a function 
of t/b calculated by a method similar to that for 
the deeply-wound coils. When t is less than b, U 
has the following values :— 


tb = 0.00 0.02 0.04 0.06 0.08 O.IO 0.20 
U Ea 26.3 ay Ba 22.4 .21.2 20.1 16.8 
th = 0.40 0.50 0.60 0.70 0.80 0.90 1.00 
U = Ii É 10.9 96 8.5 a8 6.8 61 


When f is greater than b it is only necessary to 
interchange b and f in the formula. 
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The above results are only strictly true for an 
infinite number of turns. The way in which the 
values for finite turns approach the tabular values 
may be illustrated by the case of a square section 
in which the wires are arranged in square order. 
For this case we have :— 


Turns .. 4 9 16 25 36 64 IVO Inf. 


U -» 4.5 5.4 5.7 58 5.9 60 6.0 6.1 

We may also use this type of coil to estimate 
the effect of groupings of the wires which are other 
than in square order. Thus we may take the case 
of a coil for which #/b=0.5 having 54 turns. 
Suppose this first wound in 6 short layers each of 
g turns, the distance apart of layers being three 
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times the distance of turns in a layer. We find 
U=10.9 agreeing exactly with the tabular value 
for infinite turns. If the winding is in three long 
layers each containing 18 turns, the ratio of layer 
to turn distance being again 3 to 1, the value of U 
is 10.6. 

These examples appear to indicate that the 
tabular values for infinite turns are good enough 
for purposes of design when the number of turns 
exceeds about 16 and will hold whether the wire 
is spaced in layers or arranged in square order. 
The mode of spacing affects the self-capacity rather 
than the copper losses. 


(The author ts indebted to the Admiralty for permission 
to publish the work relating to multilayer coils). 


A Note on Transmission. 


Taking Advantage of the Voltage Node. 


HE following method of feeding the 
high tension supply to the anode of the 
transmitting valve has been adopted 

at 5RF in order to eliminate the losses in 


Fig. 1. 


the radio-frequency choke employed in the 
shunt feed circuit. The removal of this 
choke probably has the effect also of 
sharpening the tuning—always a desirable 
feature. 

In using the Colpitt’s circuit, as shown in 
Fig. I, it was found that a voltage node 
occurred at X and that the H.T. positive 
lead could be connected to this point on the 
inductance coil instead of to the anode via 
the radio-frequency choke. 

Since the radio-frequency potential here 
is zero no current (except the feed current) 
flows along the wire W (Fig. 2) and therefore 
no loss of aerial current results; indeed, 


[R344.3 


by this means a greater aerial current is 
obtained for the same power input. 

The procedure for finding the nodal point 
is to reduce the power to one or two watts 
and to search along the inductance coil with 
the H.T. positive lead (no choke being 
inserted) until a point is found on either side 
of which the aerial current falls off. This, 
then, is the node where the H.T. lead is 
left until a change in wavelength is made. 
In this case, as the adjustment is critical, it 
will be found necessary to slide the connecting 
clip along the turn to which it is connected 
on the coil to obtain a fine adjustment. A 
movement of one inch makes a perceptible 
difference in the value of the aerial current. 


Fig. 2. 

No doubt this is not a convenient method 
to employ where a frequent change of wave- 
length is necessary but it is a valuable 
point to consider in striving after efficiency. 

L. F. HUNTER. 
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Mathematics for Wireless Amateurs. 


By F. M. Colebrook, B.Sc., A.C.G.I., D.I.C. 


[510 


(Continued from page 450 of July issue.) 


(E) Division. 

OLLOWING the same method as for 
as other fundamental operations, we 

will approach the general or algebraic 
idea of division through the familiar ground 
of arithmetic. What do we really mean 
when we say that 15 divided by 5 is 3? 
Actually of course it is the mere repetition 
of a formula by memory, but the real basis 
of the formula is this: If the group called 
fifteen is separated out into five equal groups, 
each of these will be the group that we call 
three. In other words, the process of 
dividing 15 by 5 consists of finding that 
group, five of which combined together will 
make up the group called 15. Thus there 
are really three steps in the statement, as 
the reader will be able to prove to himself if 
he will think about it carefully enough. 
The steps are 

(15 +5) X5=15 
because that is what division means, fol- 
lowed by 
3X5515 
as an act of memory, followed by the deduc- 
tion 
- (15 +5)=3 
The important step for our present purpose 
is the first, because it shows the reader that 
-the formal algebraic definition of division 
(a +b) xb=a 

is identical in form with that which he 
already accepts, though perhaps uncon- 
sciously, as the definition of division in 
ordinarv arithmetic. 

The first thing to notice about the opera- 
tion of division so defined is that (a +b) may 
or may not be a number in the original sense 
of that word, 1.e., a characteristic property of 
a group of things that can be counted. Thus 
(15 +5) is the number 3, but (4 +5) is nota 
number, because there is no simple group 5 
of which combined together will make up 
the group 4. This fact has occasioned some 
hard thinking to pure mathematicians who, 


in a laudable desire to make the basis of 
their science as simple as possible, take the 
operation of counting rather than the 
measurement of magnitude or quantity as 
their fundamental conception. (They get 
over their difficulty by adding rational 
fractions to the class of numbers, an appli- 
cation of what Prof. Whitehead has described 
as the Humpty-Dumpty Principle.*) 

However, as practical mathematicians, we 
shall be more interested in quantity than in 
magnitude or number, and in terms of 
quantity (4+5) is an idea that presents no 
difficulty whatever. We can take any 
quantity, such as a journey of four units 
(e.g., inches) in a given direction and divide 
it into five equal journeys without turning a 
hair, let alone splitting one. Then if the 
number 4 represents the original journey, 
each of these smaller journeys (call it “ a ”) 
is such that 

atatata+a=—4 

t.e. a4X5=4 
so that a=(4 +5) 
in terms of our original definition. 


It will be convenient to introduce a few 
more special terms at this point. If (a --b)=c 
where c is a number, then a, b, and c are 
called respectively dividend, divisor, and 
quotient. The sign + is not a very con- 
venient one to use in practice, and (a +b) is 


usually written i or, to get it on one line a/b. 


A group a/b which cannot be expressed as 
a number, and in which a and b contain no 
common factor greater than I ‘is called a 
fraction, b being the denominator and a the 
the numerator. In practice these names are 
often applied to any expression of the forin 
a/b, a useful extension of the meaning of these 
words,—indeed a necessary one, since until 


*Humpty-Dumpty in conversation with Alice, 
talking about words, ‘‘I pay them extra and make 
them mean what I like.” 
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a and b are given specified numerical values 
one cannot say whether a/b is a number or 
a fraction. 

It is important to realise that as far as the 
interpretation in terms of quantity is con- 
cerned there is no essential difference between 
a whole number and a fraction. In fact the 
same quantity can be represented by either. 
Thus a given weight may be represented by 
the number 7 or the fraction 7/16 according 
as to whether it is measured in ounces or 
pounds. Here the representation in the 
first place by a number and in the second by 
a fraction is seen to mean nothing more than 
a difference in the unit of measurement. 

One very important conclusion follows at 
once from this. The Laws of Commutation 
and Association and the rules relating to 
sign in the addition and subtraction of 
numbers were stated and demonstrated in 
terms of magnitudes—lines or journeys of 
various lengths represented by symbols 
which in their turn represented numbers. 
It would make no difference to the reasoning 
employed if the units and lengths had been 
such as to require the use of the fractional 
form for the numerical description of the 
various magnitudes. We can therefore pro- 
ceed at once to the conclusion that the Laws 
of Commutation and Association and the 
rules of sign apply without modification to 
the addition and subtraction of fractions, 
and the symbols used in Section 3 as far as 
paragraph C (2) can be given this additional 
freedom of interpretation. They may repre- 
sent positive or negative whole numbers or 
fractions. 

Giving to the word fraction the extended 
meaning which has been indicated above, the 
determining of the rules of algebraic division 
really amounts to finding out how such 
quantities enter into the operations of 
addition, subtraction and multiplication. 

First, however, it will be well to consider 
how the negative sign will enter into the 
operation of division as defined above, for 
it will be a convenience if the letter symbols 
used in the remainder of this section can be 
given their unrestricted meaning as positive 
or negative numbers. 


(EI) The Negative Sign in Division. 
The statement 
(—a =+ b) xb= —a 
presents no difficulty. By interpreting it in 
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terms, for instance, of the journey units used 
in connection with simple addition and sub- 
traction, it can easily be shown that 


(—a -b)=—(a + b) 
1.e. (—a/b) = — (a/b) 


This is division of a negative number. 
But is division by a negative number a com- 
prehensible operation ? If so, what does it 
mean? In any case, its meaning must be 
consistent with our definition of division, so 
we can start with 

(a + — b) x—b =a 
which brings us back to multiplication by a 
negative number. Now an explanation has 
already been given for the apparently in- 
comprehensible operation of multiplication 
by a negative number, and it has been shown 
that no mistake will arise from using the 
formal rule ` 
(a x—b)=— (axb). 
Applying this rule in the above case we have 
a= (a + — b) x— b= — {(a + — b) xb}. 


Therefore 
(a + — b) xb= — a. 
Comparing this with the previous result, t.e. 
(—_a+b)xb=—a 
we see that the apparent process of division 
by a negative number will be consistent with 
our interpretation of multiplication by a 


negative number if (a+— b) is taken to 
mean the same thing as — (a + b), so that 


(a + —b)=(—a + b)=— (a + b). 


Applying these formal rules to the case 
(—a) + (—b) will obviously give 


(— a) + (—b) = (a + b). 


Thus we have the three general rules for the 
combination of signs in division :— 


Minus divided by Plus is Minus. 
Plus divided by Minus is Minus. 
Minus divided by Minus is Plus. 


These, however, will not impose any addi- 
tional burden on the memory, for they are 
the same as those for multiplication. 

Now that an intelligible interpretation has 
been found for division of or by a negative 
number, together with the rules that apply, 
the letter symbols may be taken to represent 
any positive or negative numbers as practical 
conditions may require. On this basis we 
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can proceed to deduce formule appropriate 
to various operations with the fractional 
form. 


(E2) Various Operations with Fractions. 

In the following paragraphs the name 
fraction is taken to mean any combination 
of the form (a --b) where a and b are positive 
or negative numbers. The reader is asked 
to obliterate from his mind as completely as 
may be any preconceptions about fractions 
based on imperfectly or even misunderstood 
rules remembered from school days and to 
think instead of the operation of division 
as defined completely and exclusively by the 
statement 

(a+b) xb=a. 
(a) Reduction of a Fraction to its lowest Terms. 

Suppose axp=c 

bxp=d 

Then (ax p) +(bx p)=(c +d) 
and by the definition of division 

(a x p) =(c +d) x (b x p) 
Therefore axp={(c+d)xb}xp 
and a=(c +d) Xb 
whence, by definition (a +b) =(c +d) 
1.€. (axp) -(bxp)=(a +b) 
or ap/bp=a/b 
This shows that if the numerator and denomi- 
nator of a fraction contain a common factor, 
this factor can be removed from each without 
altering the magnitude of the fraction. This 


process is called the reduction of a fraction to 
its lowest terms. 


(b) Distribution of Denominator. 

By the Law of Distribution in multiplica- 
tion 

((a +c) +(b +c)} xc=(a +c) Xc+(b +c) xe 

= a+b 
Therefore, by definition, 
(a +c)+(b +c) =(a+b) +6 

or a,b. 


c c c 
It will be a useful exercise for the reader 
to prove for himself the statement 
c--(a--b)=(c +a)+ (c +b). 
If he succeeds the truth is not yet in him, for 


the proposition is false. The attempt to 
prove it will assist in impressing its untruth. 
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(c) The Addition of Fractions. 


The results stated in (a) and (b) taken 
together show how any two fractions can be 
added together and expressed as a single 


fraction, for 
a ,c ad cb ad, bo _ad+be 
TI “uu d wa Mo 
The extension of this process to give 
a,c,e _ adf+cbf+ ebd 
ota tf bap 
is obvious, but the reader is advised to check 
it for himself. A little further thought will 
show that these formule are illustrations of 
the fact that only groups of like things can 
be combined arithmetically. 
In virtue of the Law of Association the 
addition of any number of fractions can be 
represented as a single fraction by repeating 


. the above process as often as necessary. It 


should be noted that the numerator of the 
combined fraction is obtained by combining 
according to sign the products of each 
numerator with all the other denominators, 
the sign being considered to be attached to 


the numerator in each case. Thus 
a 6 A) ~obj «eba 
b d f bdf 


(4) Multiplication of a Fraction. 


Since a fraction, interpreted quantita- 
tively, is not essentially different from a whole 
number, the multiplication of a fraction by a 
whole number does not involve any new ideas 
at all. It is worth while to notice, however, 
that the result of any such multiplication can 
be represented as a single fraction. 


(a+b)xb=a by definition. 


Therefore (a+b)xbxc=axXc 
(a+b)xcxb=axc (Law of 
Commutation) 
1.e. {(a +b) xc} xb=(axc) 
Therefore (a@+b)xc =(axc) +b 


by the definition of division. 
In fraction form 
(a/b) x c=(ac/b). 
(e) Multiplication by a Fraction. 


Remembering that the fundamental defi- 
nition of the operation of multiplication is 
that contained in the statement 


axb=a+a+a+a-+etc., b terms in all 
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1t appears that multiplication by a fraction 
is not a comprehensible operation, and in 
point of fact it certainly is not. There is 
nevertheless an operation that can con- 
veniently be described as multiplication by 
a fraction provided its real character is 
clearly understood. The fraction (a +b) can 
be multiplied by c giving (a --b)xc. This 
number or fraction can then be divided by 4, 
giving {(a+ b) x c}+d. Now this process 
of multiplication by c followed by division by 
d can be expressed for the sake of abbrevia- 
tion as multiplication by (c +d). In fractional 
form the operations can then be written 


It will be assumed that whenever the ap- 
parent process of multiplication by a fraction 
arises in practice it will be legitimate to 
re-interpret the ‘operation in the above 
manner, 1.e., 


a c 

bd 
In fact this assumption is necessary for only 
on these lines can a comprchensible meaning 
be attached to the process. On this under- 
standing we can proceed to find the single 
fraction that shall have the same magnitude 


(a+b)xch+d. 


as the “ product ” of two fractions. Suppose 
(e +f) to be this fraction. Then 
{(a +b) xc} +d=(e +f) 

and by the definition of division 

(a +b) Xc=(e+f) xd. 
Now it has been shown above that 

(a +b) Xc=(axc) +b 
therefore (a xc) +b=(e = xd 
and by definition (axc)=(e+f)xdxb 

=(e +f) x (bxd) 

therefore (a xXc) +(bxd) = +f) 
1.€. 

4 ¢ = — — = — = ae 
3X 7 (a +b) xc} -d=(axo) +(bxd) bd 
The extension of the above reasoning to give 

a c Ez E aceg etc, 
Xo X=2XO o ERO SE SKA 
b ĝi d f ĝi eran bdfh etc. 


is a Straightforward application of the Law 
of Association. 
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(f) Division of a Fraction by a Fraction. 


Strictly speaking division’ by a fraction 
is no more intelligible than multiplication 
by a fraction. It can easily be shown, 
however, that its meaning can be im- 
mediately derived from that of multipli- 
cation by a fraction, if it be assumed, as it 
obviously must be, that the apparent process 
of division by a fraction is consistent with the 
formal definition of division. 


Putting (a +b) +(c +d) =(e +f) 
then by the definition of division 


(a +b) =(e +f) x (c +d) 


={(e +f) xc} +d 
as above. 
Therefore (a +b)xd=(e +f) xXc 
and by definition ((a +b) xd} +c= (e +f) 
Therefore (a+b) +(c+d)={(a+b)xa+c 


and on the understanding indicated in para. 
(e) above, the right hand side can be written 
in the form (a/b) x (d/c) giving 

ac _a_d_ad 

bo te eo be 
This shows that dividing by a fraction is 
the same as multiplying by the same fraction 
inverted. The result of inverting a fraction 
in this way is called the “ reciprocal ” of the 
fraction. 


Since c=c +I, we have as a special case 
(a/b) +c = (a/b) x (1/c) = a/be. 


Thus division by a number can be represented 
as multiplication by a fraction having I as 
numerator and the number as denominator. 


(£3) The Division of Zero by a Number. 


There is no difficulty about this operation. 
The fraction (o +a), if it exists, must have a 
meaning consistent with the definition 


(0 +a) Xa=0. 


for any positive or negative value of a. Now, 


as shown in para. D2 of Section 3, 
oxa=0 

Therefore, the statement that : 
(o +a)=0 


fits in quite satisfactory with the rest of our 
rules and definitions. 
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(E4) The Division of a Number by Zero, and 
the Collapse of Mathematics. 


What is the meaning of (a~o)? The 
meaning, if any, must be consistent with the 
definition 

(a +0) xo =a. 


But for all positive and negative numbers 
ŬXO=O 


and the reader can easily prove for himself 
that this is equally true for any positive 
or negative fraction. Therefore (a +o) must 
be something essentially different from a 
whole number or a fraction, and the rules 
of algebra must ot be applied to the group 
(a --o). To prove this statement we will 
proceed to wreck the whole structure of 
mathematics by assuming that they can be 
applied to it. 


a,b _axct+bxo | 
= = iio by para. E2 (c) 
es ka 
o 


Now let d be some other number different 
from b. Then 


3 pf A entxo 
o CXO 
= a 
oj 
Therefore 
CERTE p 2 
o c oO c 
a _ b 
c ~ c 
and finally 
b=d 


Therefore, any number is equal to any other 
number, and the whole of mathematics is 
nonsense. 

In fact, the group (a o) is a germ of 
insanity that is liable to infect the most 
sedate of propositions and set it babbling 
gibberish. If at any time a set of equations 
goes thus suddenly mad and announces that 
the moon is made of green cheese the baneful 
effect of division by zero can be suspected. 
The germ may have crept in disguised as 
something quite harmless and respectable, 
for instance, division by (a—b) at one point, 
followed at a later stage by the condition 
“let a=b.” 
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(F) The Fundamental Rules of Algebra — 
General Conclusions. 


Intelligible interpretations have now been 
found for positive and negative fractions and, 
for the addition, subtraction, multiplication 
and division of positive and negative frac- 
tions. We can now proceed to the full 
generalisation of the letter symbols. In any 
expression in which letter symbols are asso- 
ciated with all or any of the operations of 
addition, subtraction, multiplication, or divi- 
sion, the letter symbols may be taken to 
represent any positive or negative whole 
numbers (integers) or positive or negative 
fractions as the conditions of the problem 
may require. 

The writer has deliberately refrained from 
presenting any tabular summary of the rules 
and formule so far developed. Any reader 
who is new to the subject is strongly advised 
to do this for himself, as this will help him 
in the understanding and memorising of the 
more important conclusions. He is also 
recommended to familiarise himself with the 
technique involved by working out far more 
examples than can be presented in the 
limited space available for this series. -Plenty 
can be found in any elementary text-book 
of the subject. An even better, and cer- 
tainly more interesting way, is to make up 
a number of examples for some imaginary 


pupil. 
(G) Mathematics as a Thought-Saving Device. 


Before going on to the interesting elabora- 
tions and developments of the fundamental 
rules of algebra it will be well to say a final 
word with regard to the character of mathe- 
matics in general and the right way of 
applying it. 

The writer has been at some pains to 
invest the mystic symbols of mathematics 
with a precise and real, one might almost 
say homely, significance. This is strictly in 
accordance with the spirit of modern mathe- 
maticians, who are becoming increasingly 
distrustful of any purely formal symbolism 
of doubtful interpretation, and who seek to 
base their science on a few simple ideas about 
number or magnitude. Clearness in the 
initial ideas is essential, and this clearness 
has to be paid for in hard thought ; but it is 
not for a moment suggested that all the ideas 
involved are to be turned over in the mind 
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every time the fundamental formulæ are 
applied. In fact, nothing could be farther 
from the object of mathematics, which is, 
though it may sound paradoxical, the elimi- 
nation of thought. This is very clearly 
stated by Prof. A. N. Whitehead, a mathe- 
matician who combines the intellect of a 
scientist with the imagination of a poet and 
whose book, An Introduction to Mathe- 
matics (Home University Library) can be 
very warmly recommended to all who are 
interested in this subject. The object of the 
symbolism of mathematics is to enable us 
to “make transitions in reasoning almost 
mechanically by the eye, which otherwise 
would call into play the higher faculties of 
the brain. It is a profoundly erroneous 
truism . . . that we should cultivate 
the habit of thinking of what we are doing. 
The precise opposite is the case. Civilisation 
advances by extending the number of 
important operations that we can perform 
without thinking about them.” This may 
sound like a glorification of “ rule of thumb,” 
but it is “ rule of thumb ” with a difference. 
To apply a formula without thinking about 
it is a gesture not unworthy of a mathema- 
tician. To apply it without understanding 
it, or without ever having understood it, 
is at best a pis aller and at worst an 
unintelligent faith in Mumbo- Jumbo. 
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Examples— Division. 
I. Show that 


34 7 


A deo ke so ko. Sl 
IO 100 


I,000 10,000 100,000 


_ 37,968 
100,000 


2. If I I c 


prove that ac--bc= aa — bb 
3. Show that 


(es -la rara) 
kar li e ko NS io 


4. Prove that if 
R,R,R, PRR, R, PR,R,R —R,R,R,=o 


LT lj I 

Ro Ri Ra Rs 
5. Show that RR, 
RFR, 


where R, and R, are positive numbers or 


' fractions, is less than the smaller of R, and 


Ri 


(To be continued). 


THE EMERALD WAVEMETER. 


This wavemeter, designed by Lt.-Col. Edge- 
worth, is an instrument with which the amateur 
can obtain accurate measurements of wavelength 
—the accuracy of calibration being a lasting 
quality not depending on the actual valve in the 
wavemeter, provided a similar type to the one 
originally supplied is used. 

Another very good point that the average user 
will appreciate, is that the wavemeter is direct 
reading—t.e., the wavelength is read off directly on 
the: wavemeter scale and not from a calibration 
curve. A very neat arrangement is adopted in 
order to give a large and uniform wavelength 
scale, and it speaks well for both the design and the 
construction of the instrument that the slow 
motion arrangement on the condenser may be 
relied on sufficiently well to make the instrument 
direct reading. 

Various two-volt valves, made by different 
makers, but more or less similar in type, were 
tried in one of these wavemeters, and the wave- 
length checked against onr standard heterodyne 
instrument. l 


The method of testing was to obtain a hetero- 
dyne note of about 1,000 volts with the valve 
supplied and then to insert other valves in suc- 
cession and note the change in beat note—which 
change was exceedingly small, even near the mini- 
mum of the wavemeter condenser, thus showing that 
valve capacities were unimportant in determining 
the calibration. 

The price of the wavemeter is remarkably low, 
but in spite of this the instrument can be strongly 
recommended as reliable and accurate as well as 
robust in construction. 

It may be obtained from Messrs. Heath and Co., 
New Eltham, S.E.9. A. P. C. 


VARLEY MAGNET CO. >’ 

The Varley Magnet Co., which is well-known as 
a subsidiary Company of Oliver Pell Control Ltd., 
is now marketing Varley Bi-Duplex Wire Wound 
Anode Resistances. This firm is not connected 
in any way with the Varley Radio Co., but we find 
that there has been a little confusion owing to the 
similarity in name. 
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Problems in Broadcast Receiver Design. 
A Lecture delivered by Mr. P. P. ECKERSLEY, Chief Engineer of the British Broadcasting 


Company, before the Radio Society of Great Britain, on 26th May, 1926. 


some of the problems that beset the 

designer of broadcast reception appara- 
tus, and if I do not accept certain ideas 
that are common, I do so in the hope that 
discussion will be promoted. 

Broadcasting, like any system of com- 
munication, depends on the two ends of the 
chain, Transmitter and Receiver, and for 
that reason one who is responsible for the 
transmission side has some excuse for talking 
about reception. 

I would say that in general there are two 
types of receiver which people visualise 
when thinking of broadcast reception. The 
first is one which has a good many knobs on 
it, and about which people tell lies to their 
friends—to borrow an Americanism a “ reach- 
ing-out receiver.” The second is the “ local 
station ”” type which gives, or tries to give, 
perfect quality. 

I should like first to deal with the “ reach- 
ing-out ” set. It is designed to get the 
distant station and therefore has great 
sensitivity. I would say that in general 
there are two main types of “ reaching-out ” 
receiver: one is 
the Neutrodyne or 
tuned high fre- 
quency magnifier, 
and the other the 
“ Supersonic.” 
The principle of 
the neutrodyne is 
illustrated in 
Fig. I, which ` 
shows a tuned 
anode system of 
magnification with 
two similar cir- 
cuits in cascade ; 
inter-electrode valve capacity, among other 
qualities of the circuit, introduce reaction 
and the whole system would oscillate were 
it not for the introduction of small inter- 
electrode balancing capacities. 

A typical form of this circuit which has 


| E going to try to take you through 


Two circuits in 
cascade employing the 
neutrodyne principle. 


Fig. 1. 


[R160.04 


taken on here and in America, is shown in 
Fig. 2, where aperiodic windings give a “ step 
up” effect and allow a gain of sensitivity. 
A very common type of set used in America 
employs two high frequency amplifiers, a 


HT + 
e 


HT. 


Fig. 2. Aperiodic transformer couplings. 


detector and one or two note magnifiers, 
switched in or out at will. It is sensitive 
enough to pick up fairly distant stations, 
and sufficiently selective for most purposes, 
a ubiquitous receiver which is deservedly 
popular. The maximum number of high 
frequency stages used m one set is five (used in 
a British set). This is one developed by 
Captain Round in this country, namely the 
“Straight Eight,” which has a larger number 
of neutrodyne stages than any receiver in 
the world. 

The principle adopted has been to have 
a smaller magnification per stage than is 
usual with the multi-cascade arrangement, 
Which has the advantage of very great 
selectivity. But the main disadvantage of 
this type of set is that the number of handles 
to be accurately set is considerable, otherwise 
the system has much to recommend it. It 
is only by getting them adjusted one by one 
that you get the signal, and as the tendency 
must be towards simplification, I think that 
that fact might be considered a disadvantage 


. of the neutrodyne receiver. . Otherwise it is 


extremely simple and a perfectly practicable 
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proposition. The reproduction can be made 
good ; the set can be used close to the local 
station without undue eftects of saturation, 
by mistuning the aerial circuit—a crude 
method but one that works. 

The superheterodyne is the other main 
type used for distant receiving. The theo- 
retical diagram is given in Fig. 3. 

If you receive a certain signal in a circuit 
with a frequencyof N, and introduce a closed 
circuit beating with that circuit with a 
frequency of N,, after rectification you pro- 
duce a new frequency, which is equal to 
N,+N,. Obviously in receiving a particular 
frequency and beating it with another, you 
obtain a third frequency, and can amplify 
that third frequency by any means that you 
like. Selectivity comes in by the fact that 
the small change in the added frequency 
makes a large change in the beat frequency, 
and any other station coming in at a different 
frequency produces signals which, in a highly 
selective high frequency receiver on the beat 
note, will be completely lost. You get over 
the disadvantage in the previous receiver 
inasmuch as theoretically there need only be 
two adjustments, namely the aerial tuning 
and the beat note tuning, but there is an 
ambiguity : you can adjust the added fre- 
quency by a certain percentage up or down 


STAGES 


TO LF 


SOOU 
BEAT f=No 
OSCILLATOR 


Fig. 3. Theoretical diagram of superheterodyne. 


and produce the same beat frequency. This, 
however, has been got over ingeniously in 
one particular receiver. 

What is done is to use a coupling (Fig. 4). 
A is the adjustment on the aerial and B is the 
adjustment on the beat note. These two are 
coupled together mechanically so that they 
both turn together. Any small discrepancy 
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between the two readings can be adjusted, 
as the coupling is not rigid and it is possible 
to move one dial without the other to get 


final adjustment. 


A disadvantage of the superheterodyne is 
the tendency to saturate when you are 


——q == Ĉĉ» == —-==== 


Fig.4. Mechanical coupling arrangement. 


The prepon- 
derating effect of the local station is apt to 
produce saturation in the rectifying valve, 
and very poor quality indeed. Obviously, 
although some do not think so, this receiver, 
which incorporates an independent oscillator, 
will produce interference with other receivers ; 
the aerial will pick up a certain amount of 
the beat oscillations and radiate them, other 
listeners will get a whistle, if the beat fre- 
quency nearly coincides with the frequency 
on which they happen to be listening. This 
can be overcome, and it is advisable to do so, 
by putting a high frequency stage between 
the aerial and the beat producing system. 
If the high frequency stage is properly 
neutrodyned, Fig. 5, and that is important, 
you will get a better measure of freedom 
from interfering with other people. The 
fact that a frame only is used minimises the 
possibilities of interruption. But I can 
assure users of frames that they radiate quite 
enough. 

In summing up the general principles of 
these two types of receiver, ‘‘ superhetero- 
dyne ” and “ neutrodyne,” I am aware that 
there are other methods of achieving high 
frequency magnification, but those with 
which I have dealt represent two distinct 
types, on which practically all others are 
based, one way or another. 

Coming to a consideration of the local 
station receiver, I feel very strongly that the 
development of broadcasting must be towards 
alternative stations with as little interference 
as the system of to-day gives. It is our proud 
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boast that 80 or go per cent. of the population 
can receive broadcasting on very simple sets. 
In using the term “ crystal area ’’ I mean it 
to be known as an area in which any simple 
receiver can get absolutely uninterfered-with 
reception. What can be received on a crystal 
set satisfactorily will be sufficiently powerful 
to drown local interference such as trams, 
railways and so forth, and it is possible thus 
to concentrate on a programme. While 
there will always be those who are interested 
in the electrical side, I still think that the 
main development of broadcasting must be 
an interest in what is received rather than an 
interest in the method of receiving it, and 
that is the justification for the local station 
receiver—giving above all things perfect 
quality. We must concentrate upon receiv- 
ing in our rooms sounds that do not differ 


PICK UP COIL 


STAGES 


TOIF 


1st 
+ OSCILLATOR DETECTOR 


Fig. 5. Circwit showing method of neutralising. 


in great respect from the sounds produced in 
the studio. The obvious criticism of the 
local station receiver is, where is the variety 
that it is possible to get from broadcasting ? 
As I have said before, future engineering 
development must be towards giving alter- 
native programmes, but they must be as 
strong as the local programme under the 
present system. If this is so, we shall have 
to get more selectivity into our receiving sets. 
The “crystal area” policy has produced 
many sets that are not efficient on the high 
frequency side; but go per cent. of valve 
sets I inspected the other day were unable 
to cut out the local station. The policy 
of alternative stations obviously demands 
selectivity. “Local receivers” rely too 
much on the straight “ detector and low 
frequency ” circuit. Selectivity is extremely 
poor, and, in order to use “ bottom bend ” 
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rectification a considerable sweep on the 
detector grid is necessary, which rather 
points to it being more satisfactory to put 
in at least one high frequency stage. To 
take the high frequency first, it is very easy 
to add a high frequency stage on an existing 
receiver. Two high frequency stages, shall 
we say, neutrodyned with a one-handled 
adjustment, would be sufficient for most 
listeners even with an indoor aerial. How- 
ever, even with satisfactory high frequency, 
the method of detection needs careful con- 
sideration, because, although “any old 
thing ’’ works, very few “ old things ” work 
at all well. The commonest form of detection 
used throughout the world is the grid-leak 
and condenser method. While it is true 
that this method frequently facilitates the 
use of reaction, no instrument should rely 
entirely on the use of reaction for its efficiency. 

In the second place, many people find that 
a high value of grid-leak will give a louder 
signal, but it will give worse distortion too. 
It is possible with a detector of the bottom 
bend type, that is to say, utilising the non- 
linear properties of a valve characteristic, 
very similar to that of many crystals, to 
introduce to a limited extent reaction in two 
high frequency stages which will not involve 
any oscillation in the aerial and which will 
never interfere. So that the argument that 
the grid-leak will give you facility in the use 
of reaction falls to the ground. In general, 
with the grid-leak method the disadvantage 
is that you rectify first and amplify after- 
wards ; but with bottom bend you amplify 
first and then rectify. 

A point about these two systems is that 
in essence they do not differ to any great 
degree as far as their function is concerned. 
You may draw “ A” simply as a box and 
call it a rectifier which has in series with it 
a resistance and a condenser. You can 
draw “B” as a box and call it a rectifier in 
the same way. But the “A” system has 
the disadvantage that the impedance values 
of the grid circuit are much greater than in 
“ B” and the values of the components will 
more greatly affect performance. 

I do not wishit to be thought that the grid- 
leak method need be so absolutely con- 
demned, but I think, after comparing it 
judicially with the bottem bend method, the 
latter scores considerably, as it is, as I have 
said before, in fact a crystal rectifier. You 


August, 1926 


can work this bottom bend rectifier with grid 
current or without, and the question as to 
whether grid current produces distortion in 
the bottom bend rectifier is answered very 
inconclusively by experiments on the point. 
It needs a high anode voltage and a high 
impedance value. In that connection, it 
is interesting that grid current almost in- 
evitably flows in high frequency magnifica- 
tion, and those systems, unlike low frequency 
amplification, with grid current present, do 
not introduce very much distortion, the 
reason perhaps being that the high fre- 
quency circuits in front of the grid, being 
tuned, are free to swing, and are therefore 
not unduly influenced by the load of the 
grid current, and are not immediately 
checked, like low frequency, by the effect of 
the load. 

I would ask, ‘‘ Why is it that in valve sets 
the crystal is not more used as a rectifier ? ” 
It is true they are said to be unreliable, but 
in speaking of crystals I mean the sort that 
was used before the valve was invented. 
Did we have a lot of trouble with them in 
those days? From beginning to end they 
never seemed to do anything else but 
rectify. 

Fig. 6 shows a convenient way of using 
a crystal rectifier with one high frequency 


et H.T.+ 


H.T. 
° 


Fig. 6. 
Convenient circuit for using a crystal with one H.F. 
valve stage neutralised followed by L.F. stages. 


valve neutrodyned and one or two low 
frequency stages. This system has the 
advantage that there is less to maintain 
in the way of filaments and high tension. 


I doubt whethtr there is any difference © 


between a crystal and a bottom bend 
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rectifier provided you have sufficient grid 
sweep. It is possibly not quite so sensitive 
and might be unreliable but with correct 
design that is not necessarily so. 

Turning to the low frequency amplifier, it 
is definitely dangerous to use transformers, 


H.T. HT. 
A 
$ Qi 
7 LT.- 
Alh 


Fig. 7. Interesting circuit for producing a 
drop in H.F. voltage. 


mainly because transformers are very difħcult 
to design, and even the best that we have 
designed still suffer from some slight falling 
off in characteristics on either side of the 
frequency gamut, and few appreciate the 
important point that a load on the secondary 
or even on the primary makes an enormous 
difference to the characteristics. A damp 
transformer may completely change its 
characteristics by leakage across the terminal. 
Doubtless the justification for transformers 
in the past has been that they do give a 
tremendous lot of ““ noise,” and in the absence 
of the perfect loud-speaker perhaps there was 
some excuse, but it is now time to say “ good- 
bye” to the transformer wherever we can 
and introduce resistance or choke capacity. 
I am wondering, in the light of the dis- 
advantage with resistance capacity—the 
necessity for increased high tension—whether 
one would not gain by using choke capacity, 
and it would be interesting to know if anyone 
has any figures or views on the question. 
With resistance type of magnification, 
there is a disadvantage in that the low fre- 
quency amplifier may pick up high frequency 
and magnify that up as well. This is apt to 
produce nasty reactions. There is an in- 
teresting connection, due to Captain Round, 
which may be of interest. The method is 
shown in Fig. 7. Connect a- resistance X, 
which has the effect of producing a drop of 
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high frequency voltage so that the voltage 
on the grid, thanks to the valve inter- 
electrode capacity, is negligible. A very 
useful point. 

The use of choke or resistance capacity 
brings up fhe question of power supply. 
I, myself, although I use rather an inefficient 
circuit and a considerable amount of voltage 
and current, am for- 
tunate in living in a 
district which has 
A.C. supply which I 
take through a trans- 
former with a centre 
tap secondary and 
rectify and smooth. 
The method I use 
is shown in Fig. 8. 
There is a large choke 
K and a condenser Z 
and double rectifica- 
tion. The circuit can 
easily be smoothed. 
I find a couple of 
.5uF condensers with a 20 or 30 henry choke 
are quite sufficient. I find it possible to 
light my two low frequency valves from the 
power mains also, but in order to avoid 
fluctuating A.C. on the grids it is necessary 


Fig. 8. 
A.C. smoothing circuit. 
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Fig. 9. 


to take the grids down to the centre point 
of the secondary of the filament transformers. 

With this method it is not necessary to 
put a potentiometer across the valves. 
The particular method that I use is rather 
expensive because I use three-electrode valves 
instead of two. Perhaps it would be better 
to load all the valves from a low tension 
accumulator charged through another system, 
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but I feel sure that the system can be made 
to be extremely cheap, even though the 
initial outlay is perhaps a little more. 
Operating on a power circuit with a cheaper 
unit its maintenance would amount to 
practically nothing. Perhaps the future will 
see valves with finer filaments and with 
even less filament current than they have 
to-day, when dry battery lighting will be 
possible on an economical scale. Remem- 
bering that the average loud-speaker to-day 
has a very low efficiency, perhaps the high 
efficiency loud-speaker of the future will 
remove the necessity for a constant change 
of high tension batteries. 

I am not sure whether controlling the 
volume of a set by dimming the filaments of 
high frequency valves is a good one. It is 
possible to dim the filaments but when you 
have a set in one room and a loud-speaker 
in another then it becomes rather unsatis- 
factory practically. It should be possible 
to design a potentiometer system on the 
loud-speaker itself, bearing in mind that it 
is necessary to keep a constant impedance 
across the transformer. 

Finally, I give the circuit shown in Fig. 9, 
not because I think it represents finality, 


but merely to show what might be done on 


suggestions of the author. 


the lines that I have suggested. A small 
series condenser in the aerial circuit will 
make it possible to calibrate the closed circuit. 
There may be one or two high frequency 
valves. The crystal set can be connected 
across the secondary of a high frequency 
transformer, which is neutrodyned, thus 
introducing a limited amount of reaction 
without the possibility of re-radiating. 


August, 1926 


DISCUSSION. 
Admiral Sir H. B. Jackson: Captain Eckersley 


has enlightened, enlivened and advised us a good 
deal. He is helping all listeners by trying to stop 
this oscillation nuisance. I am very much in 
agreement with what he has said about it. I live 
within a mile of that West End store and have 
almost given up reaching out, except when 2LO is 
not working. When I do try there is always 
oscillation present; he is quite right in driving 
the point home. i 


Mr. R. W. Minter: I rise to answer Captain 
Eckersley's accusations against the neutrodyne. 
I think the reception problem starts at the trans- 
mitter, and it seems to me rather late in the day 
to start up so many transmitters, irrespective of 
what is happening, and then get the engineers to 
clean up the mess. As far as I can see, the neutro- 
dyne is the thing that solves the problem we have 
at the present moment. In his description of the 
neutrodyne, Captain Eckersley said one or two 
things which were not quite right, but, in the first 
place, a little more information might be useful. 
The neutrodyne is in two sections usually. The 
one with two stages is the unshielded one, and that 
with more than two stages is shielded. With more 
than three stages it does not seem at all satisfactory. 
The trouble which arises in this country, is that the 
American neutrodyne has been developed for 
American valves. Up to the the present time, no 
British manufacturer has produced a valve which 
happens to have a capacity equal to that of the 
R.C.A. valves used in America with the neutrodyne, 
so that anybody using an American neutrodyne 
here who cannot get the valves which are used with 
it in America will have bad results. As to recti- 
fication, and Captain Eckersley's remarks about the 
grid-leak, there is a neutrodyne without the grid- 
leak, but it does not seem to be as popular because 
it does not give so much noise. Referring to 
crystal rectification, I remember that at one time 
we had good crystals, which would not go off, but 
I do not think one is made at the present time ; 
I have had a great deal of trouble with them during 
the last few years. They will not stand any ap- 
preciable current through them, and I think they 


would be rather out of place in an amplifier with 


high frequency stages in front of them. 


Mr. H. L. Kirke: I should like to thank 
Captain Eckersley for his excellent lecture, and to 
make one or two comments. With regard to 
reaction, I think that it is a thing which is so 
valuable to the manufacturer that he must use it 
in order to get his price down and compete, but I 
also think that manufacturers should have a little 
conscience and should endeavour to produce sets 
in which reaction is controllable. I have had the 
misfortune to advise friends of mine at various times 
on the buying of sets, and on several occasions have 
actually tested the set before sending it to them. 
I think on every occasion the reaction was so 
absurdly coarse, except for two positions, one with 
great oscillation and the other irregularity in signal 
strengths, that it was necessary to stand on your 
toes, grease your fingers, and, after ten minutes 
playing about, you might get a reasonable signal. 
Greater care should be taken in designing sets so 
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that reaction should be capable of complete control. 
Another point I should like to bring out is the 
question of grid currents in bottom bend rectifiers. 
I have had a certain amount of experience in 
designing a particular piece of apparatus in which 
it is necessary to use a rectifier which is very perfect 
from the point of view of no distartion, and we 
found it essential to use bottom bend rectification, 
which was the best. It was also essential that 
there should be no grid current, but the grid circuit 
was an aperiodic one. I think the distortion from grid 
current is due to the fact that it produces harmonics 
in the carrier wave and the side band, and the 
harmonics in the carrier wave and the side band 
heterodyne, showing themselves as harmonics in 
the rectified low frequency current. If you havea 
fairly low damped oscillatory circuit which can 
by-pass all the harmonics produced by the distorting 
grid current you will not get distortion. With 
regard to crystal rectifiers, I think that carborundum 
has the advantage that it is a high resistance 
rectifier, and as the amount of damping introduced 
across the circuit varies with the resistance, it is an 
advantage to use a high resistance rectifier, in that 
variations in the resistance caused by adjusting the 
contact will not have such a great variation in the 
damping of the circuit. With regard to trans- 
former coupling, resistance coupling and choke 
coupling, with resistance coupling you have to use 
low impedance valves, because you lose a lot of 
high tension voltage in the resistance, and you 
do not get the magnification out of the low im- 
pedance valve that you do out of the valve plus 
transformer. But if you use choke coupling you 
do not lose any high tension in the choke, or, at 
any rate, very little, and you can use high impedance, 
high magnification valves and get the same amount 
of output, although for less input, than with the 
low impedance resistance-coupled valve. That is, 
you can get the same amount of voltage sweep out 
of the valve without distortion with a high mag- 
nification valve with choke-coupling as out of a 
low magnification valve using resistance coupling, 
and that is the great advantage of choke coupling, 
I think. In connection with the question of high 
tension, usually it is not necessary to use resistance 
magnifiers before the telephone stage, where we 
use low anode voltage, but where one has a loud- 
speaker it is necessary to use a high tension voltage, 
100 or 150 volts, if one wants to get good quality ‘' 
output without great distortion. One might just 
as well use this H.T. on the valve before, so that 
one gets plenty of sweep to use the high impedance 
valves without distortion at all. In connection 
with rectifiers, it was mentioned that there are no 
two-electrode valves on the market. I believe, 
however, that one is now being designed by one of 
the valve companies, working on the 6-volt. }-amp. 
filament, and it is the same as the standard valve 
of that type, without a grid. 


Mr. G. G. Blake: I should like ‘to add 
my thanks to Captain Eckersley for his most 
instructive and amusing lecture. He mentioned his 
trip to America and the investigations he made 
there, but he did not mention the ‘‘ Sodion ” valve. 
In 1922, Donle invented a valve called the 
“ Sodion,’’ which, it was claimed, was absolutely 
non-oscillating ; it was also claimed that its 
sensitivity was even greater than a valve making 
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use of reaction.“ I should like to have Captain 
Eckersley's opinion of that type of valve. With 
regard to Captain Eckersley's last diagram, there 
is one point that stands out in my mind particularly. 
On the blackboard we have a very complicated 
arrangement of circuits, and it seems to me that 
it is fortunate that a crystal circuit is included, for 
then if everything else failed one could plug in a 
receiver and use it straight off the crystal. 


Mr. R. E. H. Carpenter: I feel rather like a small 
puppy who has been tied by a strong string to the 
back of a fast car, and have not much breath left, 
but my interest in anything Captain Eckersley 
says was sufĥcient to have kept me running. The 
remarks made by Mr. Kirke tacitly stressed the 
only point I wished to make—that the best of 
circuit arrangements are quite useless unless 
quantities and values are properly chosen. Captain 
Eckersley has drawn on the board a circuit which, 
if I may venture to have an opinion when he is in 
the room, is an excellent circuit, but unless the 
various values—the values of the leaks, the coupling 
condensers and so on—and the types of valves, or, 
at any rate their impedances, are given, I think 
that circuit might cause a great deal of disappoint- 
ment, particularly as it comes from the fount of 
“ Please don't do it ” (laughter), and it is therefore 
sure to receive a great deal of attention. 


Mr. Maurice Child: I have done a good deal of 
experimental work in connection with crystals in 
telephonic reception. 
experiments in a very short time, when there were 
a series of experimental transmissions from Chelms- 
ford on a fairly long wavelength. I had, for the 
purpose of test, a standard ship receiver designed 
by Messrs. Siemens Brothers, and in that receiver it 
was possible to insert various types of crystals. 
It might interest you to know—and probably 
Captain Eckersley knows—that the quality of 
reproduction with a receiver with absolutely fixed 
adjustments varies enormously according to the 
crystal you are using, and I have a very clear 
recollection that in those experiments the best 
quality of reproduction, using a standard adjust- 
ment in each case as regards tuning coils and so on, 
was given by a zincite-bornite detector. While I 
have a great deal of praise for the carborundum 
detector for ordinary commercial purposes, I venture 
to suggest that it has one serious disadvantage, in 
that there are very few specimens of carborun- 
dum which work really well unless you apply 
local potential to it. Captain Eckersley has 
touched on another matter to which I have given 
a good deal of attention, probably in common with 
many others, and that is the question of power 
supply, and I have been trying to get out com- 
paratively small units. Usually, one firm makes 
the transformer, another makes the valve, or 
various kinds of valves, another firm tries to make 
a choke, and can't (laughter), and so on. We have 
to put the whole thing together, and after a lot of 
juggling about we manage to get a rectifier which is 
quiet on two valves and gives a horrid noise on 
three, but on four the whole receiver and rectifier 


* Harold P. Donle, Proceedings of Institute of 
Radio Engineers, Vol. XV., No. 2, p. 97, 1923. 
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packs up completely and we get nothing. That is 
solely because very few firms—in fact, I do not 
know of any--really make proper sized transformers 
forthe job. I have in mind one which has to handle 
IO watts or so, and it needs quite an etfort to lift 
it to the table. Transformers to give adequate 
outputs can be designed in quite small sizes and at 
a reasonable price. I do not agree with Captain 
Eckersley's figures with regard to his condensers 
and their requirements. I have found that it is 
not satisfactory, on 50-cycle A.C. supply, to use 
anything less than three 4uF condensers, with a 
low resistance, highly inductive choke. That 
gives you a smoothing out which is absolutely good 
for a 4-valve set. The trouble with power supply 
for high tension is not set aside by simply saying 
that we can do all this quite smoothly with two or 
three valves. The apparatus, to be satisfactory, 
has got to be in such a form that, no matter what 
a man’s receiving set may be, it will work it pro- 
perly. If you have an experimental receiver, 
you have probably an arrangement of switches on 
it, so that you can have one, two or three valves, 
but when you put that on a good new dry battery 
it makes very little difference to your high tension 
voltage whether you put on one, two or three valves. 
You get a voltage drop, but it is not very serious. 


. The accumulator battery solves that problem 


perfectly. Its voltage remains practically constant, 
irrespective of the number of valves used, so long as 
it is in good condition, but that cannot be said of the 
ordinary type of A.C. rectifier. In the past we 
have had to put up with the three-electrode valve 
with the grid joined up to the plate for these 
rectifiers, and even so the internal resistance—you 
note that I use the term “ resistance,” and I think 
it is right—of the valves is of such an order that 
the moment you put on the second valve, down go 
the high tension volts. We start with, say, 100, 
and inevitably reduce the high tension volts when 
increasing the output current from, say, a couple of 
milliamperes to 50 or 60. That is the usual thing. 
That problem has been solved at last by an enter- 
prising manufacturer, who has turned out a special 
valve which is just about to be put on the market. 
I was testing it this morning, and it might be of 
interest if I give some of the figures which I obtained. 
It was possible to get an output of 80 milliamperes 
at 40 volts absolutely smooth D.C., putting on an 
A.C. voltage in the first stage, from the transformer, 
of 130. When I reduced the milliamperes to 18, 
which is far moie than most sets require, the pres- 
sure was 130 volts. I think that is a very fair 
performance. The valve takes 4 volts on the 
filament, with i.i amps maximum load, and 
the manufacturers state that it is impossible to 
test the emission because if attempted up to the 
maximum it would completely destroy the valve. 
The internal resistance is stated to be only 375 ohms 
—I have not tested it—accurately, but when you get 
a valve of that order and put two of them on a 
rectifying circuit, it is possible to put one, two or 
three valves on your receiving set and only get a 
variation of 3 or 4 volts in 100 to 120 maximum 
with each valve coming on. That compares 
exceedingly favourably with an ordinary dry cell 
battery, and I think the A.C. supply with valves 
will be the thing of the future. The problem is just 
about solved at the present time. 
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Mr. D. S. Richards: I should like to put forward 
the view of the man in the street who has the 
problem of maintenance to consider. We have 
heard some very excellent suggestions this evening, 
and to me it seems to indicate that the time is 
rapidly approaching for further development and 
general improvement in the design of broadcast 
receivers. The subject of high tension supply will 
never, I think, be effectively solved until further 
advancements are accomplished in the science and 
construction of valves. I should like to mention 
that in the town in which I reside, direct current 
has been used quite successfully for obtaining high 
tension supply. But apparatus has been con- 
structed which will give absolute satisfaction in 
one part of the town, and when the same apparatus 
is used in another part, the high tension so derived 
develops an unpleasant hum. The whole success 
of broadcasting in the future is bound up very 
largely with the factor of maintenance, and I doubt 
whether Captain Eckersley or anybody else in this 
great wireless community can persuade the general 
public to carry out any great alterations or im- 
provements in their sets while the factor mainte- 
nance still provides so many objections. Low 
tension supply from house mains generally involves 
a bigger electric light bill. We must have cheap 
electricity before we can make the broadcast 
receiver quite the simple and inexpensive instrument 
that would be so desirable. 


Mr. J. H. Reeves: On this question of main- 
tenance, rectified A.C. has got to such a stage 
that vou can use it on an exceedingly powerful 
superheterodyne set, as I have, and there is not 
a sign of a hum anywhere. I should like to 
confirm Mr. Child's remarks with regard to the new 
valves, with extremely low impedance, which are 
just on the market, but there is another point 
which Mr. Child did not mention, and that is that 
we have various periodicities and various voltages 
on our A.C. supply. Only last Saturday I heard 
of another enterprising firm which is going to turn 
out a transformer which can be used at practically 
any voltage and will work at any periodicity, so 
that possibly before the summer is out the whole 
question of rectified A.C.—where we are so fortu- 
nate as to have A.C. supply—will be fully solved. 
There is one point, raised by Captain Eckersley, 
with which I disagree, and that is his reference to 
the great advantage of simplicity for sweeping. 
Undoubtedly it seems very nice to be able to turn 
one or two handles and sweep, but what do we want 
to sweep for? Do we want to sweep just to see how 
many things we can get in one evening? My set 
is calibrated—it might take a fortnight ora month, 
perhaps, to calibrate for any wavelength from 230 
to 600—and I do not want to sweep, but I want 
as a rule to get at its best some one particular 
station. I think it is a mistake to try to increase 
simplicity to such a stage that you can run all 
round if, by calibrating, you can get better recep- 
tion, either by way of selectivity or any other 
means. Therefore, I am to a certain extent against 
all this simplicity. 

Mr. J. Selwyn Jackson: With regard to rectified 
A.C. for receivers, I have a receiver which uses 


about 15 milliamps from the A.C. mains through a 
transformer, and it is remarkable what liberties 
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you can take with the smoothing circuit, so long 
as you do not use headphones. I have used a smooth- 
ing circuit with a 0.005 condenser before the choke, 
and a very small spark coil as a choke coil, and 
another 0.005 condenser across the main supply 
after the spark coil. It is remarkable what small 
condensers you can use in order to get quite a 
large degree of silence in a loud-speaker when 
there is no signal coming through at all. It is a 
completely different tale, however, if you want to 
use headphones. 


Mr. A. J. Hall: I should like to ask Captain 
Eckersley if he will explain whether the ease with 
which he rectifies his A.C. is not due to the fact 
that it is drawn from a district in which they have 
no industrial loads of bad power factors ? I find that 
it is practically impossible to work a receiver of 
any type from the supply with which I am con- 
nected with anything up to 5uF and 50 henries of 
inductance. There is a cinema some little distance 
away, and things are worse when their motor 
generators are running. That is just a theory of 
mine, but I should like Captain Eckersley's views. 


Mr. J. A. Whitehouse: No mention has been 
made of the electrolytic rectifier, but in my experi- 
ence and the experience of others, that can be made 
to work in a very satisfactory way. With regard to 
charging accumulators off D.C. mains, the floating 
accumulator is apt to give trouble, but if it is con- 
nected to the right side of the meter, in the house 
mains, and a change-over switch arranged from 
“set” to “charge,” it is quite possible to have the 
accumulator on charge whenever the light is on in 
the house. So far as H.T. accumulators are con- 
cerned, they are quite easy both to make and to work. 
The trouble with charging those on the main is 
that they cause a considerable drop in the house 
lighting, but if arranged with a series parallel switch, 
in banks, of about ro volts each, that can be dealt 
with satisfactorily. 


Mr. A. E. Symonds: For two years I have 
had a broadcast receiver in operation, running 
totally off the electric light mains, both for 
lighting the filament and for high tension. I live 
in a D.C. district, and the hum is really very 
small. I choke with an ignition coil and 5uF 
on output side of the ignition coil. The valve 
filaments are in series, and I supply them with 1 
amp, shunting each valve with a resistance to take 
off the amount I do not want. I use bright emitters 
for safety, so that I can see the valves. Each valve 
takes 0.7. It took me some time to find out how to 
get rid of the hum almost completely. One point 
is that it was very necessary to connect the earth 
side of the receiver to a certain point in the filament 
system. One can connect it to the positive end of 
the two filaments in series, or to the negative end, 
and again, it was useful to try putting the resistance, 
which controls the current from the main, in the 
positive or the negative end of the system. My 
arrangement, which gives the minimum hum, is to 
put the resistance in the positive end of the system, 
and to have the earth connection from the mid- 
point, not the terminals of the filament system. 
In the second valve I had to use grid bias, and even 
there it was necessary to connect the grid bias to 
a certain point of the system. Finally, I cut down 
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the hum still more by using low frequency choke- 
coupled amplification, and a secondary circuit gave 
improved results on the tuning side of this system. 
The results are quite satisfactory to those who have 
listened in. 


Captain Eckersley, replying, said: With reference 
to Mr. Minter’s remarks. Nearly all our trans- 
mitters are separated by 20 or 30 kilocycles, but 
it is the foreigner who has erected the transmitters 
that have created the difficulty of selectivity for 
reaching out. But the point seems to be to listen 
to the local station, which is not so much interfered 
with, because the station is not distant and will be 
relatively stronger. I did not say that the “ Straight 
Eight ’’ was the only receiver that was any good, 
but I did say that it was the one which has the 
greatest number of high frequency stages. 

With regard to noise, I do not think the public 
want a tremendous lot of noise. I think if they 
listen to a set which gives signals as loud as the 
gramophone of to-day—a very good standard— 
they will have nothing to grumble about. Gener- 
ally speaking, the signals are usually not loud 
enough, or much too loud. But the point is quality 
—quality plus loudness. 

With regard to carborundum crystals, it is true 
that a priming cell is required. I agree with 
Mr. Child that crystals do vary tremendously in 
quality in accordance with the sort of priming 
you give them, but I am only dealing with crystal 
gua crystal as a general principle. 

With regard to Mr. Kirke, I am not absolutely 
convinced that he is right on the question of 
economy in voltage, but no doubt he can show 
me a page of figures proving that he was right and 
that I was wrong. 

As to Mr. Blake’s remarks about the Donle 
““ Sodion ” valve, I personally have never met a 
valve which will amplify but not oscillate. I have 
not seen the Donle valve. 

I agree with Mr. Carpenter that it is a great thing 
to measure specific quantities. But when one is 
giving a lecture to a scientific society, it is most 
embarrassing because to give quantities is to give 
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components. I merely put the circuit forward as a 
suggestion. I agree also that the speaker who 
doubted very much whether, if you have two high 
frequency stages in front of a crystal, there might not 
be a possibility ot the rectification being wiped out. 
That is an interesting point, but I have put a 
lot through crystals that I have had, and they 
behave well. 

On the question of power supply, I am interested 
to hear of the valve mentioned by Mr. Child. 
Personally, I use two low impedance valves in 
parallel on each side of the rectifier, so that I«use 
four valves in all, which is certainly not economical. 
The transformer will stand 30 or 40 watts. 


With regard to using D.C., I agree that, provided 
conditions are straightforward, it is perfectly simple 
to do. The difficulty I put up to Mr. Richards is 
that, when the centre is earthed, it is a difficult 
connection to get at, and I would suggest that it 
might be possible to design a small generator, 
cheaply, which could be put straight on the mains, 
and which would turn out low tension and high 
tension. 

Mr. Reeves has talked of his supersonic set. It 
is true that high frequency stages will not “ mag ”’ 
the “ hum,” and it is possible therefore to use 
incompletely smoothed current on high frequency. 
The difficulty arises when you come to the detector 
and the low frequency stages. My point is that 
you have to make sets fool-proof if you are to sell 
them. People have to operate them who do not 
know the meaning of the word “ calibrate.” 
Simplicity is necessary if the set is to be a selling 
proposition. 

We have heard some interesting values for 
smoothing mains. One speaker suggested two 
0.005 condensers. Another suggested half a micro- 
farad. Then it was suggested that very likely 
trouble was due to the power supply varying in its 
harmonics. Indeed, I do not think it possible to 
lay down definite rules. It is, however, remarkably 
good in my case, and smoothing has been easy. 

Mr. Whitehouse asked about the electrolytic 
rectifier. I know nothing about it. 


BOOKS RECEIVED. 


VARIATIONS OF APPARENT BEARINGS OF RADIO 
TRANSMITTING STATIONS.—KRadio Research 
Board Special Report, No. 4, pp. 53.—H.M. 
Stationery Office, price 2s. 6d. 


Under the auspices of the Board a comprehensive 
investigation into this subject has been carried out 
by Dr. R. L. Smith-Rose of the National Physical 
Laboratory and a staff of assistants. Parts I. and 
II. of the Report have already been published as 
Special Reports, No. 2 and 3: the report just 
published forms Part III. The previous reports 
dealt with long wavelengths, the present report 
deals with what were then regarded as short wave- 
lengths, viz., 450 to 600 metres; these are of great 
importance as they are the wavelengths mainly 
employed for direction finding in marine navigation. 
It is reassuring to read that the results “ are con- 
sidered to afford valuable evidence as to the relia- 


bility of wireless direction finding at all times, and 
its freedom from errors when employed under the 
usual conditions demanded for marine navigation.” 
This Report should be carefully studied by everyone 
interested in direction finding. - é 


BRITISH STANDARD GLOSSARY OF TERMS USED IN 
ELECTRICAL ENGINEERING. 


Issued by the British Engineering Standards 
Association (Publication No. 205, 1926), pp. 263, 
comprising Introduction, Glossary divided into 
sections and sub-sections in accordance with the 
International Decimal Classification, Symbols for 
the Quantities and Units Defined, Summary of 
Sub-sections arranged in the order of the Decimal 
Classification and General Alphabetical Index.— 
Published by Crosby, Lockwood & Son, London, 
price 5s. net, post free 5s. 6d. 
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Abstracts and References. 


Compiled by the Radio Research Board and reproduced by er with the Department 


of Scientific and Industrial Resear 


R000.—WIRELESS IN GENERAL. 


Ro08.—DIGESIS oF UNITED STATES PATENTS 
RELATING TO RADIO TELEGRAPHY AND 
TELEPHONY.—lIssued March oth, 1926-May 

* 4th, 1926.—John Brady. (Proc. Inst. Radio 
Engineers, June, 1926, pp. 413—421.) 


Ro1o.— THE CORRELATION OF SOME RECENT 
ADVANCES IN WIRELESS.—Dr. Balth van der 
Pol. (E.W. & W.E., June, 1926, pp. 338— 
343-) 

Ro40.—RADIO COMMUNICATION. (Electrical Review, 
June 11th, 1926, p. 888.) 

Abstract of paper by Mr. Elwell, read before the 
Royal Society of Arts, dealing with past and present 
aspects of radio-communication and its future 
possibilities. 

Ro64 —THE NATIONAL PHYSICAL LABORATORY. 
(Electrical Review, July 2nd, 1926, pp. 39— 
41.) 

An account of the exhibits, including those con- 
nected with radio research, on the occasion of the 
annual inspection by the General Board, June 22nd. 


RADIO ELEC- 
May, 1926, 


Ro80.—La REGLE A CALCULS DU 
TRICIEN. (L'Onde Electrique, 
pp. 226—228.) P 
This rule has been constructed so that, in addition 
to the ordinary operations (multiplication, division, 
raising to the power of, calculation of logarithms, 
sines and tangents), the following special operations 
current in radio practice can be performed :— 

1. Resolution of Thomson’s formula. 

2. Conversion of wavelengths into frequencies 
and vice versa. 

3. Resolution of Nagaoka's formula for the 
calculation of a round or square inductance coil, 
according to its geometrical data. 

4. Calculation of the wavelength of beats. 


Ro82.—ALIGNMENT CHARTS FOR SELECTIVE AMPLI- 
FIERS.—W. A. Barclay. (E.W. & W.E., 


June, 1926, pp. 344—348.) 
R100.—GENERAL PRINCIPLES AND THEORY. 


RrIIO.—HARMONICS AND THEIR EFFECT ON WAVE 
FORM.—J. F. Herd. (£.W.G W.E., July, 
1926, pp. 407—410.) 

Rt12.—THE TRANSMISSION OF SIGNALS FROM A 
HORIZONTAL ANTENNA.—M. Taylor. (Nature, 
June 5th, 1926, p. 791.) 

A letter stating that, in the course of a mathe- 
matical investigation of the propagation round the 
earth of electro-magnetic waves from a horizontal 
antenna, the result has emerged that, when the 
earth is regarded as a perfect conductor, the com- 
ponents of electric and magnetic force are zero both 
when the earth is regarded as surrounded by a 
conducting Heaviside layer and when no layer is 
present. Finite conductivity of the earth must thus 


be assumed in order to account for the propagation, 
and it is then found that the resulting forces are 
a small vertical electric force and a much larger 
horizontal magnetic one. The electric force is due 
to the “ space waves,’ ' the magnetic force to the 
“ surface waves ” described by Sommerfeld (Annalen 
der Physik, 1909, p. 665): the result of the analysis 
is in remarkable agreement with the conclusions 
he there expresses. The magnetic force may be 
analysed into perpendicular components, each of 
Which consists of two simple harmonic oscillations 
differing in amplitude and phase, results of the same 
general type being obtained both with and without 
the Heaviside layer. 


R112.1.- SHORT-WAVE STATION MAKES NEW RECORD. 
(Scientific American, April, 1926, p. 274.) 


2GY, an amateur short-wave station in New York, 
established a new record for low-power transmission 
by carrying on two-way communication with 9CCQ, 
Missouri, using only .o4 watt power in the plate 
circuit of the transmitting valve. Both stations 
employed standard receiving valves and “ B’’ 
batteries as their power source. This transmission 
feat represents 25,525 miles per watt. 


R113.—DIAGRAMME DES CHAMPS ELECTRIQUES 
MESUREs A MEUDON PENDANT LE QUAT- 
RIEME TRIMESTRE, 1925. (L'Onde Electrique, 
May, 1926, pp. 223—226.) 


Graphs are shown of the electric field in micro- 
volts per metre of Bordeaux, Nantes, Rocky Point, 
Rome and Leafield, measured at Meudon during the 
last quarter of 1925, and also the monthly averages 
of these stations for the year. 


R113.—PROPAGATION OF RADIO WAVES. 
July 3rd, 1926, p. 28.) 


Abstract of paper read by Dr. Alexanderson to 
the Academy of Swedish Engineers. 

Each new discovery in long or short-wave pro- 
pagation is eagerly studied for the light that it 
might throw on the structure of the electro- 
magnetic field, which still remains a mystery. 

According to our present knowledge of wave 
propagation, the waves sent out from a radio station 
are divided into the earth-bound wave, guided by 
the proximity of the conducting earth, and the 
space wave, guided by refraction in the upper 
atmosphere. Long-wave telegraphy depends mainly 
upon the earth wave. Short-wave long distance 
communication depends entirely upon the space 
wave. Broadcast reception depends upon the 
earth-bound wave for near stations, and on the 
space wave for distant stations. It is stated that 
at a distance of about 100 miles from the station 
the intensities of the two waves are nearly equal. 
It has been found that at a distance of ten miles 
from a 50-metre station the plane of polarisation of 
the space wave has been twisted by between 20° 
and 30°, and therefore it follows that at some 


(Nature, 
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distance between 60 and go miles the twist would 
be 1809. Thus, since the earth-bound wave main- 
tains its vertical plane of polarisation, the two 
waves may cancel one another at a distance of about 
roo miles. This explains “ blind ” spots. 

As a model of radio transmission, the motion is 
discussed of a horizontal rubber sheet actuated by 
a vertical shaft making rotatory oscillations. 
Straight lines drawn on the rubber sheet will appear 
to have a wave motion. 

Dr. Alexanderson thinks that a harmonious 
theory requires the proof that the electron is an 
entity with an aurora reaching from it into infinite 
space. 


. RI13.1.—CO-OPERATIVE INVESTIGATION OF RADIO 
FADING.—J. Dellinger, C. Jolliffe and T. 
Parkinson. (Physical Review, June, 1926, 
p. 816.) 

Abstract of paper presented at April meeting of 
American Physical Society. 

With a view to securing quantitative data on 
signal intensity fluctuation, the Bureau of Standards 
invited a number of University and other labora- 
tories to engage in a co-operative programme of 
fading measurements. This report summarises 
the progress made in 1925 when five series of 
simultaneous observations were made on certain 
specially arranged transmissions from broadcasting 
stations. The measurements consisted of recording 
graphically variations of deflection of a galvanome- 
ter connected to radio receiving apparatus so as 
to indicate directly variations in the received field 
intensity. The measurements yielded data of 
value on the characteristic radio wave phenomena 
during a solar eclipse, during the sunset period and 
the variations throughout the whole diurnal cycle. 


R113.4.—ELECTRICAL CONSTITUTION OF THE UPPER 
ATMOSPHERE.—T. L. Eckersley. (Nature, 
June 12th, 1926, p. 821.) 


The writer has suggested (Phil. Mag., June, 1925) 
that a certain type of atmospheric, which is semi- 
musical in nature, owes its character to the dispersive 
action of the medium, assumed to consist of an 
assembly of electrons in a rarefied atmosphere. 
The lowest pitch of the disturbance was shown to 
depend upon the number of ions per unit volume 
and called the characteristic frequency of the 
medium. In some recent tests it was noticed that 
the prevailing characteristic frequency has risen two 
or three times in the last eighteen months, sug- 
gesting a four to ten-fold increase in the ionic 
density. Associated with these changes there has 
been an increase in sunspot activity, magnetic 
storms and an auroral display so far south as 
London, and a noticeable falling off of the strength 
of short-wave signals from America. There seems 
little doubt that these are all connected with the 
approach of the period of sunspot maximum in 
1928. It.appears probable that observations of 
these musical atmospheric disturbances will provide 
additional data for determining the electrical 
constitution of the upper atmosphere. 


R113.4.—POUVOIR INDUCTEUR DES GAZ ET DE 
L'AIR HUMIDE (Inductive power of gases 
and moist air).— Delcelier, Guinchant and 
Hirsch. (L'Onde Electrique, May, 1926, 
pp. 189—210.) 
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Present theories on the propagation of radio 
waves consider atmospheric air as a materially 
homogeneous medium with the properties of a 
vacuum, the ions alone producing physical hetero- 
geneity. To establish a more precise theory, the 
velocity with which the waves are propagated in 
the gases of the atmosphere must be known. It 
has been shown (C.R., 1924, p. 32) that variations 
in composition, pressure, or temperature can à 
priori produce changes in velocity, and consequently 
changes in direction, as for light waves: a slight 
variation will produce an even greater effect for 
radio waves, owing to their much longer path 
through the atmosphere. 


According to Maxwell's theory 
A 
Y= Vuk 
where V is the velocity of propagation in an insu- 
lating homogeneous medium, 

A the ratio of the units of quantity of 
electricity in the electro-magnetic and 
electro-static systems, 

p the magnetic permeability of the medium, 
and 

K its specific inductive power. 


For a vacuum, we have from the definitions of 
pand K 
fy = Ky=1 

V,=4 


Very concordant measurements made from 1907 
to 1920 give A = 2.9979.1019 cms. per sec. 

For gases, u only differs from unity by some ten 
millionths (air ~=1-00000036), but the inductive 
power by some ten thousandths (air K=1-0006), 
so that in more accurate measurements this factor 
has to be taken into account. 

The speed of propagation V in air will thus be 
connected to the speed of propagation V, in vacuo 
by the relation 


whence 


o 
JK NJK 

but V,/V is the absolute index of the gas, 

whence B=JSK 


The measurement of K will enable the index m 
to be calculated and consequently the velocity of 
propagation V. 

In this article different ways of determining 
K are discussed, three methods giving concordant 
results. For moist air the Hertzian index is 
greater than that for light. At 15°, air saturated 
with moisture has a dielectric excess equal to about 
1-3 times that of dry air, consequently the presence 
of water vapour in the atmosphere should con- 
siderably diminish the velocity with which electro- 
magnetic waves are propagated in it. 


R113.4.-LUMINOUS NIGHT CLoups.—V. Malzev. 
(Nature, July 3rd, 1926, p. 14.) 


The interesting feature of these clouds for us is 
their unchangeable height above the earth's surface 
of about 82 km. It is stated as well that the tails 
of meteors are also generally observed at this same 
height. These facts indicate peculiar properties 
for the layer occurring at this altitude and provide 
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outside support for the existence of the Heaviside 
layer to which radio experimenters have assigned 
just this same height. 


R113.8.—A New THEORY. THE EFFECT OF THE 
MOON ON RADIO RECEPTION.—D. Shannon. 


(E.W.& W.E., July, 1926, pp. 429—433.) 


R1I14.—UPPER AIR TEMPERATURES AND THUNDER- 
STORMS.—J. S. Dines. (Nature, June 12th, 
1926, p. 822.) 

An account of how the daily aeroplane ascents 
from the R.A.F. station at Duxford have proved 
the close association between energy and thunder- 
storms, which is very valuable for the forecasting of 
thunderstorms. 


RII4. — HIGH FREQUENCY Rays OF COSMIC 
ORIGIN II. MOUNTAIN PEAK AND AIRPLANE 
OBSERVATIONS.—R. A. Millikan and R. M. 
Otis. (Physical Review, June, 1926, pp. 
645— 658.) 

When suitable precautions are taken for elimina- 
ting the activity of adjacent rocks, both airplane 
and mountain peak observations agree in showing 
a definite variation of the penetrating radiation 
with altitude alone. Within the limits of experi- 
mental error all observations are consistent in 
showing no dependence of the penetrating radiation 
upon the time of day or upon the position of 
heavenly bodies. 


R114.— YUCATAN BLAMED FOR STATIC. (Scientific 
American, April, 1926, p. 272.) 


The crashing and grinding static noise that 
disturbs radio listeners in the United States origi- 
nates in the atmosphere of Yucatan and Mexico, 
according to Dr. Austin of the Bureau of Standards. 
It is believed that “ upside-down ”’ lightning, 
consisting of a steady discharge of electrical energy 
from clouds into a conducting layer high above the 
earth of Central America, is the chief source of 
static. 


R115.—THE CAUSE AND ELIMINATION OF NIGHT 
ERRORS IN RADIO DIRECTION FINDING.— 
Dr. Smith-Rose and R.H. Barfield. (E.W. 
& W.E., June, 1926, pp. 307—309.) 


R120.—MAIN CONSIDERATIONS IN ANTENNA DE- 
SIGN.—N. Lindenblad and W. Brown. 
(Proc. Inst. Radio Engineers, June, 1926, 
pp. 291—323. 

A general treatment of the complicated problems 
of antenna design intended to explain how these 
problems are attacked and also have been to a large 
extent solved. The reduction of resistance of high- 
power long-wave antenne to a value considerably 
less than one-half ohm has introduced two problems : 
the limitation of signalling speed and the increased 
sensitivity of tuning. The lower the resistance and 
power factor of an antenna, the greater is the effect 
of its electrical inertia, which opposes rapid sig- 
nalling. The tuning of an antenna having a power 
factor of the order of 0-0015 is so sharp that small 
changes in capacity, due to wind, reduce the 
antenna current very appreciably. An automatic 
tuning device has been developed which maintains 
correct tuning when the changes are not too rapid. 
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R124 & RI25.— RECEPTION CURRENTS FROM A 
Loop ANTENNA.—R. Colwell. (Physical 
Review, June, 1926, p. 816.) 


If the oscillations in the four sides of a loop 
antenna are regarded as made up of the oscillations 
of a succession of vibrating doublets, an integration 
around the loop will give the resultant electric 
vector for any point in space. For the two vertical 
sides of the loop, the electric intensity takes the 
form Ee = (21 tan @/cr,) (1 — cos 2mh cos 8/Ar,)i 
(I—cos 2maX/Ar,)t This equation shows that a 
loop has a directional effect high up in the air 
as well as along the ground. If the integration is 
taken over one vertical and one horizontal side, we 
have the electric intensity due to a bent antenna. 


The resulting equation is in the form Ew’=(J,/1,) ` 


[(4 + B cosa)? + (C+ D cos a)?]#. The cos a 
changes sign when the azemuth is go” in such a 
way as to give a directive effect to the wave sent 
out from this antenna ; the intensity being greatest 
for azimuth 180° and least for azimuth 0°. 


R132.—SOME NOTES ON INTERVALVE COUPLINGS. 
H. L. Kirke. (E.W.& W.E., June, 1926, 


pp. 350—302. 


R132.—A New HiGH FREQUENCY AMPLIFIER 
BALANCING OUT INTER-ELECTRODE CAPACITY 
IN FOUR-ELECTRODE VALVES.—Dr. Kroncke. 
(Wireless World, June 9th, 1926, p. 774.) 


R132.1.—LOW-FREQUENCY INTER-VALVE TRANS- 
FORMERS. (Electrician, 11th June, 1920, 
p. 59; E.W.& W.E., July, 1926, pp. 435— 
439.) 
Abstracts of a paper by Mr. Willans read before 
the Institution of Electrical Engineers. 
The paper is mainly mathematical and deals with 
some special aspects of inter-valve transformer 
design. / 


R135.—NOTE SUR UN PROCEDE DE MODULATION 
DES EMETTEURS A LAMPES.—Capt. Caillat. 
(L’Onde Electrique, May, 1926, pp. 216—219.) 


Description of a new method of modulating valve 
transmitters that combines the following advan- 
tages :— 

1. No separate battery. 

2. Economical use of valves. 

3. Greater simplicity and ease of adjustment. 

4. Immediately adapted to any transmitter. 


The circuit diagram is shown on next page: 


The resistance R, lowers the potential of the 
grid and renders it negative and in the absence of 
oscillation there is no current through R,. When 
oscillation starts the grid has an alternating poten- 
tial of high frequency and the positive alternations 
cause a current 4;, passing through the resistance 
in the direction of the arrow. M is a valve heated 
by the same battery as O, on the grid of which the 
source Of modulation or microphone is made to act 
through the medium of a transformer or amplifier. 
The plate of M is joined to the grid of O. When O 
oscillates, a part of the grid current, tą, will divide 
off through M. If the source of modulation is made 
to operate, the internal resistance of M will alter 
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and the current 1, will vary in the same manner. 
Lastly, the potential of the grid of O will vary and 
the waves emitted will be modulated 


MODULATION 


WIRELESS MATTERS.—L. B. 


R137.—NOTES ON 
June 11th, 1926, 


Turner. (Electrician, 
pp. 596—597.) 

A discussion of reception in wireless telephony 
and low-frequency amplification. 

In a footnote the writer states that there seems 
no excuse for the curious but very common custom 
of referring to the resistance of the anode-filament 
path as the anode impedance. 

In the Electrician for June 25th- p. 675, W. H. 
Date maintains that the custom is reasonable 
owing to the necessity of distinguishing between 
Valla and ĉVa]ĉ1a. 

In the Electrician for July 2nd, p. 13, J. F. 
Stanley, while thoroughly agreeing that it is reason- 
able and in fact imperative to distinguish between 
these two quantities, thinks it is incorrect and 
‘therefore highly undesirable to perpetuate the use 
of the term impedance to express the quantity 
Valla. He points out that the value of an im- 
pedance is necessarily related to a specific frequency, 
and unless this frequency is stated or understood, 
the magnitude of the impedance has no real signi- 
ficance. Now the quantity commonly called anode 
impedance is quite independent of the frequency. 
The term proposed therefore is anode A.C. resistance, 
which has the advantage of conveying the correct 
meaning as well as distinguishing between the mis- 
called impedance and the actual anode resistance. 


R138.—-THE THEORY OF THERMIONICS.—N. Ras- 
hevsky. (Phystcal Review, June, 1926, p. 810.) 


Abstract of paper presented at April meeting of 
American Physical Society. 

An expression for the free energy of a metal is 
derived, special account being taken of the fact that 
thermionic phenomena are essentially surface 
phenomena. The expression for the free energy 
thus obtained is substituted in the general formule 
for thermionic emission previously derived. The 
final formula thus obtained gives indications for 
the understanding of the fact that while for pure 
metals the '' A ” constant of Richardson's equation 
has almost the universal value postulated by 
Dushman, it has a largely ditferent value for oxides 
and absorbed films. The question as to the exis- 
tence of an electric double-layer on the surface of 
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a metal is discussed, as well as the influence of such 
a layer on thermionic emission. It is shown that 
while the existence of such a layer follows from 
Schottky’s ‘‘ Equilibrium Theorems,” the same 
theorems lead to the conclusion that the temperature 
change of the moment of such a layer is relatively 
small. Its value may be approximately estimated. 


R138.—THE ABSORPTION OF CALCIUM ON TUNGSTEN 
AND OXIDISED TUNGSTEN. — J. Becker. 
(Physical Review, June, 1926, p. 811.) 


R139.—THE PENTATRON.—Dr. Kroncke. (Wireless 


World, June 23rd, 1926, p. 854.) 


Description of a new five-electrode receiving 
valve. 


R139.—MEASUREMENT OF ELECTRONIC CHARGE BY 
SHOT EFFECT IN APERIODIC CIRCUITS.—N. 
Williams and H. Vincent. (Physical Review, 
June, 1926, p. 810.) 


R139.—ExPERIMENTS ON CATHODE SPUTTERING.— 
E.O. Hulburt. (Physical Review, June, 1926, 


p. 805.) 


R144.—HIGH-FREQUENCY RESISTANCE.—S. Butter- 
worth. (Wireless World, June gth, 1926, pp. 
767—768.) 

The case for low-loss coils in tuned anode circuits. 


R144.—EFFECTIVE RESISTANCE OF INDUCTANCE 
COILS AT RADIO FREQUENCY.—PART III.— 
S. Butterworth. (E.W.& W.E., July, 1926, 


PP. 417—424. 
R148.—THE USE OF A ĈATHODE-RAy TUBE FOR 


THE TRANSMISSION OF SPEECH.—C. W, van 
der Merwe. (Physical Review, June, 1926, 
p. 8os.) 

Ri49.-A NEw TYPE OF CONTACT RECTIFIER.— 
L. Gvondahl. (Physical Review, June, 1926, 
p. 813.) 

A piece of copper with a layer of copper oxide 
formed on it at a high temperature is an unsym- 
metrical conductor of electricity. Ratios between 
high resistance and low resistance as high as 20,000 
have been obtained. 


R162.—SELECTIVITY PAR EXCELLENCE.— The Staff 
of the Radio News Laboratories. (Radio 
News, May, 1926, pp. 1552—1555.) 

An account of broadcast reception employing 
the phenomena of closely-coupled circuits. 


R200.—MEASUREMENTS AND STANDARDS. 


R230.—THE INDUCTANCE OF A HELIX MADE WITH 
WIRE OF ANY SECTION.—C. Snow. (Physical 
Review, June, 1926, p. 815.) 

Abstract of paper presented at April meeting of 
American Physical Society. 

A formula is derived for the inductance of a 
single layer helix for use in absolute measurements 
of precision. Account is taken of the helical nature 
of the winding and hence of the axial component of 
current init. For windings of ordinary dimensions 
a precision is claimed of dt least one part in a 
million. ' ' | 
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R240.—ON THE CALCULATION AND APPLICATION OF 
HiGH RESISTANCES OF SMALL SELF-INDUC- 
TANCE FOR ALL FREQUENCIES.—R. Wilmotte. 
(Philosophical Magazine, July, 1926, pp. 65 
— 86. 

In many accurate measurements it is necessary 
to know the exact phase angle of high resistances 
of the order of several thousand ohms, when capacity 
eftects are often very large. In this paper formule 
are given for the self-inductance of high resistances 
formed by long parallel wires of circular cross- 
section and screened from earth by a cylindrical 
metal shield. The formule for the use of such a 
standard as a ratio arm and potential divider are 
also given, together with its application in bridges. 


R240.— THE RESISTANCE OF CONDENSERS AT RADIO 
FREQUENCY.—R. Ramsey. (Physical Review, 
June, 1926, p. 815.) 

For the measurement a “differential thermometer” 
was employed, made of two 800 cc. pyrex glass 
beakers inverted on and sealed to two glass plates. 
The radio condenser was placed in one of the beakers 
and connected through the glass plate into a radio- 
frequency circuit. Into the second beaker an 
exactly similar condenser was placed and a resis- 
tance wire was connected through the plate to a 
D.C. circuit. Assuming both beakers are exactly 
alike thermally when the pressures indicated are the 
same, we have I2R in the high-frequency side equal 
to 727 in the D.C. side. 


R240.—SOME NOTES ON HIGH OHMIC RESISTANCES. 
—Dr. H. Kroncke. (Wireless World, June 
30th, 1926, pp. 892—893. 


R240.—INDUCTANCE COILS QUANTITATIVELY COM- 
PARED. Part II.—A. L. M. Sowerby. (E.W. 
& W.E., June, 1926, pp. 363—366.) 


R270.—PORTABLE RECEIVING SETS FOR MEASUR- 
ING FIELD STRENGTHS AT BROADCASTING 
FREQUENCIES.—A. Jensen. (Proc. Inst. 
Radio Engineers, June, 1926, PD. 333—344.) 

Description of an improved form of measurement 
set for use in the field, recently developed in the 

Bell Telephone Laboratories, which is now being 

used by the American Telephone and Telegraph 

Co. for field strength surveys, etc. A schematic 

diagram is given. 


R271.— COMPARISON OF SIGNAL STRENGTH.—P. 
Tyers. (Wireless World, June 23rd, 1926, 


p. 842.) 
A development of the shunted telephone method. 


R281.—DIELECTRIC ABSORPTION AND THEORIES OF 
DIELECTRIC BEHAVIOUR (Abridged).—J. W. 
Whitehead. (Journ. Amer. Inst. Elect. 
Engineers, June, 1926, pp. 515—524.) 


R300.—APPARATUS AND EQUIPMENT. 


R329.—RECEIVER FOR SHORT Waves. (Radio- 
electricité, June roth, 1926, p. 213.) 

Abstract of an article in Der deutsche Rundfunk 
(March 28th, 1926, p. 871) describing a receiver 
developed by Riechers with a pencil of ultra-violet 
rays for antenna. The rays are produced by a 
special projector and are said to give excellent 
results as antenna, particularly when guided in 
given directions. 
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R331.—REACTIVATION OF RADIO TUBES. (Elec- 
trical World, May 15th, 1926, p. 1,066.) 
The General Electric Co. has found out that 
thoriated tungsten filaments can be rejuvenated. 
The process essentially consists in operating the 
filament for a very brief interval at a specified high 
voltage (called “ flashing ’’), followed by a lower 
voltage for a longer time (called ‘‘ageing’’), all 
with no grid or plate voltage. The flashing reduces 
some of the thorium oxide in the wire to thorium 
and the ageing forms the required surface layer. 


R340.—SOURCES oF “A,” “ B” AND “ C” POWER 
FOR RADIO RECEIVERS.—-W. Holland. (Proc. 
Inst. Radio Engineers, June, 1926, pp. 345— 
372.) 

A paper describing the characteristics of the 
various present-day sources of “A,” “B” and 
“C” power for radio receivers, namely, storage 
batteries, dry primary batteries, trickle-charge 
power units and battery substitute devices. 

The development of radio storage batteries is 
traced from the earliest types up to the highly- 
specialised radio ““ A ’’ and “ B ” batteries of to-day, 
having built-in charge indicators, visible water 
level and spray-proof construction, and information 
is given on “ A” socket power units containing 
such batteries in combination with newly-developed 
trickle chargers. 

A perfected aluminium electrolytic rectifier is 
announced, and “ B” battery substitutes embodying 
this rectifier are described and their electrical 
characteristics given. Rectifiers and smoothing 
filters generally are discussed and their application 
to radio uses. 


R342.—BATTERY ELIMINATORS: RECTIFIED A.C. 
AS A SUBSTITUTE FOR L.T. BATTERIES.— 
F. H. Haynes. (Wireless World, July 7th, 
1926, pp. 2—3.) 

R344.—AN OSCILLATOR WITHOUT BATTERY OR 
TRANSFORMER.—A. T. Hanscom. (Q.S.T., 
June, 1926, pp. 43—44.) 

Description of a convenient portable oscillator 
for laboratory work and receiver testing, which can 
be operated from I10 volts A.C. without using any 
battery. 


R344.9. — PIEZO-ELECTRIC QUARTZ OSCILLATORS 
COATED WITH METALLIC FiILMS.—E. O. 
Hulburt. (Physical Review, June, 1926, 
p. 814. 

Recent experiments have demonstrated that a 
quartz piezo-electric crystal with the sides coated 
with films of platinum, copper, or other metals may 
be used in a suitable valve circuit as a generator 
of sustained oscillations. The natural frequency of 
the crystal is but slightly changed by the addition 
of the metallic film. W. G. Cady has shown that 
a piezo-electric crystal coated with chemically 
deposited silver will serve as a resonator in a radio- 
frequency circuit : its use as an oscillator however 
seems to have been unsuspected, previous ex- 
perience in fact suggesting that a metallic film 
adhering to the crystal would destroy its oscillating 
properties, just as an oil film is known to do. 


R344.9.—A MULTI-STAGE CRYSTAL-CONTROLLED 
TRANSMITTER.—J. Wells and E. Tillyer. 


(Q.S.T., June, 1926, pp. 29—32. 
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The authors explain the construction and ad- 
justment of a crystal-controlled transmitter in 
which a thick crystal is used to control a low-power 
tube. Amplification is effected through two low 
power stages operating on harmonics of the crystal 
oscillator. Such a transmitter avoids several 
difficulties which may be experienced when using a 
relatively thin crystal and amplifier stages operating 
at the crystal frequency. 


R376.3.—A REMARKABLE LOUD-SPEAKER.—Dr. 
Eugen Nesper. (Radio News, June, 1926, 
p. 643. 

Description of a Reisz loud-speaker employing 
a new principle in the actuation of its diaphragm— 
which is made of indiarubber covered with electrified 
carbon grains. 


R377.— ADDITIONAL APPLICATIONS OF THE MAG- 
NETIC DRUM PRINCIPLE.—Dr. McLachlan. 
(Journ. Inst. Elect. Engineers, June, 1926, 
pp. 671—682.) 

A description is given of a new form of siphon 
recorder, with a very small transit time, for high 
speed reception on commercial circuits (beam 
Stations). Legible tape records are secured when 
atmospheric disturbances are neither too severe 
nor too frequent. Other applications of the mag- 
netic drum principle to a delayed-action relay and 
the checking of clocks by wireless signals are 
described. The valve circuits associated with the 
various devices are discussed and shown diagram- 
matically. 

R380.—TUBES WITHIN TUBES.—G. Rowe. (Radto 

News, July, 1926, pp. 30—31.) 


Description of a new type of vacuum tube 
developed by Dr. Siegmund Loewe of Berlin. This 
new tube incorporates within itself almost a com- 
plete radio set, including detector and amplifier 
elements, resistances and condensers ; the variable 
condenser and inductance alone remaining outside. 
In this way the length of the leads is reduced to a 
minimum, eliminating undesirable capacities, also 
moisture and air are kept away from sensitive parts. 
Great things are predicted for this tube. Illustra- 
tions are shown. 


R384.6.—THE MULTI-RANGE AMMETER OF CON- 
STANT RESISTANCE.—L. Sims and M. Hey- 
wood Hunt. (E.W.& W.E., July, 1926, 


PP. 425—428.) 
R400.—SYSTEMS OF WORKING. 


R430.—LE SECRET EN RADIOTELEGRAPHIE (Secrecy 
in radio telegraphy.) —Genĉral Cartier. 
(Radtoelectricité, April 25th, 1926, pp. 142— 
144.) 

Detailed explanation of the Vernam system, 
which was employed by the American army during 
the war. 


R500.—APPLICATIONS AND USES. 


R520.—WIRELESS WITH THE BYRD ARCTIC Ex- 
PEDITION.—R. Bloxam. (Wireless World, 


June 9th, 1926, pp. 771—772.) 
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R520.—WIRELESS BEARINGS FROM THE AIR. 
(Wireless World, June 30th, 1926, pp. 866— 
868.) 

R530.—TURKEY—FRENCH RADIO Company. (Elec- 
trical Review, July 2nd, 1926, p. 21.) 


The Compagnie Générale de Telegraphie Sans 
Fil has concluded a contract with the Turkish 
Government for the erection of radio stations of 
15kW in Angora and Constantinople, the latter 
being equipped with automatic receiving and trans- 
mitting apparatus. 


R555.—A.R.R.L. STANDARD FREQUENCY STATION 
1XM.—K. Lansingh. (Q.S.T., June, 1926, 
pp. 45—48.) 

Illustrated description of the experimental 
station of the Radio Society of the Massachusetts 
Institution of Technology. The Armstrong circuit 
is employed for the standard frequency transmitter, 
the valve being generally operated at from 200 to 
300 watts input. 


R557.—INDIA: NEw Company. (Electrical Review, 
June 11th, 1926, p. 874.) 

Prominent Bombay business men have floated 
the Indian Broadcasting Co., Ltd., with a capital 
of £112,500 in IO-rupee shares. Stations will be 
built at Calcutta and Bombay which, it is antici- 
pated, will be ready to transmit programmes next 
December. 


R557-— JAPAN : NEW OSAKA STATION. 
Review, June 4th, 1926, p. 837.) 


Work has begun on a site in Otemae, where the. 
Osaka Radio Broadcasting Bureau is to build its 
main station. The site covers 754 tsubo and the 
plan is to build a three-storeyed ferro-concrete 
structure with three radio rooms, the first intended 
for foreign music, the second for Japanese music, 
and the third for lectures, with a battery room to 
make broadcasting possible should the supply of 
electricity fail. The height of the antennz will be 
250 feet, and the construction is expected to be 
complete before the end of the year. 


(Electrical 


R557.—SWEDEN : NEw STATION. (Electrical Review, 
June 4th, 1926, p. 837.) 

The Swedish Telegraph Board has concluded 
a contract with Marconi’s Wireless Telegraph 
Co., Ltd., regarding the delivery of transmitting 
apparatus for Sweden’s first large broadcasting 
station. The equipment will be similar to that at 
the English station at Daventry. 


R557.—PERSIA. (Radio-electricite, June roth, 1926, 


p. 210. 
The Government of Persia intends erecting very 
shortly a system of broadcasting stations comprising 
a powerful station at Teheran and six stations of 
smaller range distributed over the State. The 
stations will be under the control of the Minister 
of War. 
R570.—THE AIR SERVICE RADIO LABORATORIES.— 
Lieut. Breckel. (Radio News, July, 1926, 
pp. 12, 13, 68 and 70.) 
Experiments with radio-controlled air-planes are 
described together with the radio beacon for air- 
planes, carried out in Ohio. 
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R581.—FORESEEs BROADCASTING OF HEAT. (Scten- 
tific American, April, 1926, p. 272.) 


Broadcasting of heat by radio is predicted when 
instruments to control heat waves are discovered ; 
principally a detector that will intercept, hold and 
amplify the waves. Professor Dibble, of the 
Carnegie Institute of Technology, says that the 
transmission of heat is essential because of the 
gradual exhaustion of the elements of fuel. “ The 
day is not far otf, in my opinion, when we shall see 
huge centralised heating plants broadcasting heat 
to homes, industries, and office buildings. Our 
hope is to incline the activity of research men 
towards this objective.” 


R582.—FUNKBILD-UBERTRAGUNG IM AUSCHLUSS 
AN RUNDFUNK-GERAT (Radio picture trans- 
mission attached to broadcast apparatus).— 
M. Dieckmann. (Elektrische Nachrichten- 
Technik, June, 1926, pp. 201—208.) 


Particulars are given of a simple system for 


reproducing pictures in rough outline. llustrations 
are shown. 
R582. —— HIGH-SPEED PHOTOTELEGRAPHY. — P. 


Gordon Fischel.- (Wureless World, June 


oth, 1920, pp. 777—779.) 
Account of the system developed by the Tele- 
funken Company and Dr. Karolus of Leipzig. 


R586,— THE LATEST ADVANCE TOWARD TELEVISION. 
—L. FOURNIER. (Radio News, July, 1920, 
pp- 30, 37 and 84.) 

An account of Professor Belin’s apparatus which 
will cover ten complete images in one second, and 
so receive and reproduce a moving scene with 
continuity of action. 


R580.—THE BAIRD TELEVISOR SYSTEM. 
trician, June 25th, 1920, p. 072.) 


Some particulars are given of Mr. Baird's inven- 
tion which has been taken over by the company, 
Television, Ltd. It is stated that while artificial 
light is used at present, there is nothing to prevent 
the use of ordinary daylight, and that when certain 
refinements have been made, outdoor scenes will 
be able to be transmitted. 


R600.-- STATIONS : DESIGN, OPERATION AND 
MANAGEMENT. 


Ror1.— THE RuGspy RADIO STATION OF THE 
BRITISH. Posr OFFICE.--E. Shaughnessy. 
(Journ. Inst. Elect. Engineers, June, 1926, 
pp. 083—713.) 

The full text of the paper read before the 
Wireless Section, 14th April, together with the 
illustrations shown and the discussion that fol- 
lowed. Abstracts have appeared in most wircless 
journals, 


(L:lec- 


R0O11.— BRAZIL —NEW STATION. 
June 1Sth, 1920, p. 917.) 

The new high-power wireless telegraph station at 
Rio de Janeiro, which was opened recently by the 
Brazilian Minister of Communications, has been 
equipped with a 20,000 metre-ampere valve trans- 
mitter by the Marconi Telegraph Co. The station 


(Electrical Review, 
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is being used for communication with Europe, 
Africa, Australia, North America, and the other 
countries of South America. 


R615.12.—TRANSATLANTIC TELEPHONY TESTS.— 
A. Dinsdale. (Wireless World, June 16th, 
1926, pp. 792—797-) 
Description of the apparatus and methods 
employed at the American end of the circuit. 


R615-12. — TRANSATLANTIC TELEPHONY. — A. 
Oswald and El Deloraine. (Electrician, June, 
4th and 25th, pp. 572 and 060.) 

Description of the telephony system at the Rugby 
station, including the single side-band equipment 
and power amplifier, the speech current apparatus, 
protective and testing measures, shielding arrange- 
ments and the control system. 


R616.5. — GERMANY’S HIGH-POWER BROADCAST 
STATION : KONIGSWUSTERHAUSEN, BERLIN. 
— Prof. Howe. (E.W.& W.E., July, 1920, 
Pp. 411—415.) 


R621.4.—CHOICE OF POWER FOR A RADIO STATION. 
—N. Tsiklinsky and V. Volynkin. (Proc. 
Inst. Radio Engineers, June, 1926, pp. 381— 
389.) 

A paper presented before the Russian Society of 
Radio Engineers, Leningrad, attempting to define 
that power of a radio station for which the desired 
service can be secured with the minimum outlay 
for installation and maintenance. 

The cost of a radio station may be looked upon 
as the combined value of the buildings, the genera- 
ting machinery, and the antenna with its masts 
and ground connection. It is here shown that, for 
a given transmission, the necessary power P in the 
antenna and its eftective height A are connected by 
the equation P=a 4+ bh?. By this formula the 
cost of the antenna and masts, as a function of 
their dimensions, may be expressed as a function 
of the power: hence all the curves of cost may be 
combined graphically. The resulting curve of 
total cost clearly shows that there is some power 
for which the cost of a radio transmitter is a 
minimum. It is also shown how the power should 
be chosen to give the smallest annual expense. 

The methods described are illustrated by deter- 
mining the power in the antenna and height of the 
masts for a station with a range of 3,oookm., 
operating on an optimum wavelength of 5,070m. 
Here the power for the least outlay works out to 
30kW and for the lowest annual expense to 20kW. 


R800.—NON-WIRELESS SUBJECTS. 


538.—AUFNAHME VON MAGNETISIERUNGSKURVEN 
MIT DER BRAUNSCHEN ROHRE (Tracing 
magnetisation curves with the Braun tube.— 
K. Krüger and H. Plendl. (Zeitschrift fir 
Hochjrequenztechnik, 27, 5, pp. 155—101.) 


539.—VELOCITY DISTRIBUTION AMONG THERMIONIC 
ELECTRONS IN VACUUM AND IN HYDROGEN 
ATMOSPHERE.—C. Del Rosario. (Physical 
Review, June, 1926, p. 810.) ; 


The distribution of velocities among the electrons 
was found to follow Maxwell's law—contrary to the 
experience of other observers. 
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539.—PROBABILITY OF IONIZATION OF GAS MOLE- 
CULES BY ELECTRON IMPACTS—II.: CRI- 
TIQUE.—K. Compton and C. van Voorhis. 
(Physical Review, June, 1926, pp. 724—731.) 


539.—COLLISIONS BETWEEN ELECTRONS AND GAS 
MOLECULES.—Il. Langmuir and H. Jones. 
(Physical Review, June, 1926, p. 806.) 


539.—THE COMPTON SCATTERING AND THE STRUC- 


TURE OF RADIATION.—T. IL. Eckersley. 
(Philosophical Magazine, July, 1926, pp. 


207—287.) 
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539.—VARIATION WITH PRESSURE OF THE RESIDUAL 
IONIZATION IN  GASES.—W. Merryman. 
(Physical Review, June, 1926, pp. 659 —671.) 


621-313-3.-FUR ERMITTLUNG DES ZEITLICHEN 
VERLAUFES VON WECHSELSTROMEN MIT 
HILFE DER BRAUNSCHEN ROHRE (Deter- 
mining the wave-shape of alternating cur- 
rents by means of the Braun tube). —H. 
Plendl. (Zeitschrift für Hochfrequenztechnik, 


27, 5. PP. 153—155.) 


Esperanto Section. 
Abstracts of the Technical Articles in our last Issue. 


Esperanto -Sekcio. 


Resumoj de la Teknikaj Artikoloj en nia lasta Numero. 


R000.—RADIO GENERALE. 


Ro50.—RESUMOJ KAJ ALUDOJ. 


Kompilita de la Radio Research Board (Radio- 
Esplorada Komitato), kaj publikigita laŭ aranĝo 
kun la Brita Registara Fako de Scienca kaj Industria 
Esplorado, 


R100.—GENERALAJ PRINCIPOJ KAJ TEORIO. 


R1IO0.-—HARMONIKOJ KAJ ILIAJ EFIKOJ CE LA 
ONDA FORMO. 


La artikolo ilustras grafike la efikojn de harmoni- 
koj je l'onda formo, ekz., de oscilo. Komence 
“traktita estas simpla sinusa kurvo ; poste ilustrita 
estas la aldono de dua harmoniko de varianta 
amplitudo kaj fazo, kaj montrita la rezultanta 
modifiĝo de onda formo. Aliaj harmonikoj estas 
simile traktitaj, kaj la generala efiko de paraj kaj 
neparaj harmonikoj diskutitaj. 

La artikolo finiĝas per ilustrado de kelkaj bone 
konataj serioj “ Fourier ~aj, kompilitaj laŭ 
terminoj difinitaj, kaj montras ankaŭ la tormon je 
kiu la onda formo fine alproksimiĝas. 


R113.9.—NOvA TEORIO. La Efiko de la Luno je 
Radio-Ricevado.—Derek Shannon. 


Ia aŭtoro rimarkis, ke sendoj el malproksimaj 
(ekz., Amerikaj) stacioj riceviĝas plibone dum 
lunlumaj noktoj, kaj sugestas, ke la rotacio de la 
luno ĉirkaŭ la teron influas tiajn sendojn. Ilustrita 
estas cirkvito per kio oni faris mezurojn koncerne la 
stacion KDKA, kaj oni publikigas du kurvojn de 
rezultoj, kiuj montras grandan plifortiĝon de 
signaloj dum la plena luno, kaj malfortiĝon dum la 
luno malpliigas. Oni urĝigas la neceson de pli 
kompleta esplorado pri la luna influo. 


Rt131.—UZzADO DE PLAT-KURENTAJ—PLAT-TENSIAJ 


KARAKTERIZOJ DUM STUDADO PRI LA 
FUNKCIADO DE VALVAJ CIRKVITOJ.—E. 
Green. 


La artikolo montras ke, je multaj okazoj, estas 
preferinde, revuante la konduton de valvaj cirkvitoj, 
konsideri la karakterizojn de anoda kurento rilate 
al anoda tensio (je konstantaj kradvoltoj). Post 
konsiderado pri la karakteriza familio, diskutitaj 
estas la konduto de kelkaj malsamaj tipoj de anoda 
cirkvito, sub la apliko de sinusoida voltkvanto. 
La ekzemploj pritraktitaj estas pura rezisteco, 
reaktanco indukta aŭ kapacita, rezisteco kaj reak- 
tanco laŭserie, rezisteco kaj reaktanco laŭparalele 
aranĝitaj, k.t.p. La klarigo estas bone ilustrita 
per diagramoj. La nuna parto finiĝas per diskutado 
pri maksimuma elmeto, kaj efikeco por diversaj 
tipoj de praktikaj cirkvitoj. 
R132.1.—MALALTFREKVENCAJ INTERVALVAJ TRANS- 

FORMATOROJ.-—Resumo de Referato legita de 
S-ro. P. W. Willans, M.A., antaŭ la Senfadena 
Fako de la Institucio de Elektraj Inĝenieroj, 
je la 2a Junio 1920a. 

La referato detale konsideras la malaltfrekvencan 
intervalvan transformatoron. Unue diskutitaj estas 
teoriaj konsideroj, kaj resumitaj iliaj etikoj je 
transformatora funkciado. Poste priskribita estas 
metodo de eksperimenta mezurado, kaj la rezultoj 
ilustritaj kaj diskutitaj. 

La aplikado de teorio kaj eksperimento al trans- 
formatora desegnado estas poste pritraktita, kun 
aparta aludo al komerca modelo de transformatoro 
evoluigita de la aŭtoro. 

En la lasta parto de la referato presitaj estas 
notoj pri diversaj metodoj konekti la transforma- 
toron, speciale kun celo havigi pligrandigitan skalon 
de unuforma amplifado. Ankaŭ aperas raporto 
pri la diskutado kiu sekvis la legadon de la referato, 
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RI44.-EFEKTIVA REZISTECO DE INDUKTANCAJ 
BOBENOJ JE ALTA FREKVENCO.— Parto IIIa. 
S. Butterworth. 


Parto Ia aperis en la Aprila numero, Parto Ila 
en Majo, kaj ambaŭ el ili estis resumitaj en ĉi tiu 
sekcio, en la Junia numero. 

La nuna parto aplikas la argumenton, antaŭe 
disvolvitan, al multtavolaj bobenoj de malgranda 
profundeco por vindado, kaj al tiaj bobenoj de 
limita profundeco por vindado. Por faciligi kalku- 
ladon, oni presigis tabelojn kaj kurvojn. Provajn 
rezultojn oni montras de komparoj inter kalkulitaj 
kaj mezuritaj valoroj. Ĉi tiuj montras, ke la kupra 
perdo estas 0.77 ĝis 0.92 de la tuta perdo. Ia 
desegno de induktancaj bobenoj por minimumaj 
kupraj perdoj estas poste diskutitaj. Post traktado 
pri ĝeneralaj principoj, la diskutado dividiĝas 
laŭjene: (1) estono por citita volumeno de 
kupro, (2) Desegno por konstanta longo de fadeno, 
(3) Desegno por konstanta supertuta surfaco. 
Esprimoj por la kalkulado de induktanco kaj 
rezisteco estas donitaj, kun tabeloj. La artikolo 
finiĝas per mallonga komparo de grandaj kaj 
malgrandaj bobenoj, kaj per noto pri eksperimentaj 
mezuroj de S-ro. A. L. M. Sowerby, resumitaj en 
ĉi tiu fako en la Julia numero. 


R800.—--APARATO KAJ EKIPAĴO. 


R355.077.5.—AKIRO DE ANODA KURENTO PER LA 
ELEKTRAJ ĈEFTUBOJ. 


Mallonga artikolo traktanta aparte pri la konduko 
al tero de meza aŭ neŭtrala konduktoro, kaj 
emfaziganta, ke ĉi tiu konduktoro devus esti 
kondukita al tero ĉe la genera stacio, sub-stacio, 
aŭ transformatoro, kaj ne ĉe la instalaĵo de la 
konsumanto. 


R384.6.— KONSTRUADO DE MEM-ENHAVA AŬ APE” 
RIODA PUNKTA GALVANOMETRO.—F. A. Boyce: 


Priskribo pri konstruado de malmultekosta 
punkta galvanometro posendanta la jenajn trajtojn : 
(1) Mem-enhava, la punkta lumo estante kon- 
stante fokusita al smirgita vitra skreno, kiu estas 
parto de la ŝranko mem, (2) Balistika aŭ aperioda, 
la ŝanĝo estante farita per komutatoro sur la borna 
panelo. (3) Simpla konstruo. 

La instrumento estas movbobena modelo, kaj 
konstruaj detaloj kaj diagramoj estas publikigitaj 
por fabriki aŭ akiri la diversajn partojn. La 
aperioda komutatoro enkondukas eksteran ŝarĝon 
de ne-indukta rezistanco, kiu tuj amortizas osciladon 
de la bobeno. La lampo estas 44-volta, simila al 
tiu uzata kiel poŝlampo. Generalaj notoj pri 
l'uzado de l'instrumento ankaŭ aperas. 


R384.6.—LA MULT-SKALA AMPERMETRO DE KON- 
STANTA REZISTECO.—L. G. A. Sims & M. 
Heywood Hunt. 


La artikolo diskutas aranĝojn por certigi, ke la 
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kombinita rezisteco de ampermetro kaj Sunto estu 
ĉiam la sama kiel tiu de l'instrumento kiam uzita 
sole. Diskutinte la ĝeneralajn principojn pri 
ŝuntigo de tia instrumento kaj pri aldono de 
kompensa seria rezistanco, la aŭtoroj montras kiel, 
per aranĝo de taŭgaj konektigaj punktoj sur la 
rezistanco, porcio de ŝunta rezistanco, kiu estas 
elŝuntigita, povas esti aldonita al la efektiva seria 
cirkvito. La kompensado ne estas absolute preciza, 
sed la eraro estas malgrandega, dum multa simpliĝo 
efektiviĝas. Oni citas esprimojn por la seriaj kaj 
ŝuntaj valoroj, kaj tabelo montras ilian aplikon al 
altrezisteca kaj al malaltrezisteca instrumento, 
montranta ankaŭ la procentan eraron pere de ideala 
okazo de konstanta rezisteco. 


R500.—APLIKOJ KAJ UZOJ. 


R540.07.— SENFADENAJ ANTENOJ KAJ LA DOM- 
LUIGANTO. 


Mallonga artikolo de advokato, revuanta la 
kondiĉojn sub kiuj antenoj aŭ aliaj senfadenaj 
objektoj povas esti fiksitaj al konstruaĵoj okupitaj 
de luantoj. 


R600.—STACIOJ : DESEGNO, FUNKCIADO KAJ 
ADMINISTRADO. 


R616.5 LA GERMANA ALTPOTENCA BRODKASTA 
STACIO.—Prof. G. W. O. Howe. 


Priskribo pri la Germana altpotenca brodkasta 
stacio ĉe Konigswusterhausen. Estas tri apartaj 
sendiloj, unu 14-kilovata kaj du 7-kilovataj, ĉi tiuj 
potencoj estante liveritaj al la valvoj sen modulado. 
La priskribo traktas pli precize pri la unue aludita 
sendilo. La provizo de anoda potenco estas per 
transformatoro el 500-cikla alternkurenta generatoro 
je 220 voltoj. La sendilo konsistas el kvar partoj : 
(1) Sendependa oscilatoro, (2) Rektifikatoroj kaj 
altpotencaj valvoj, (3) Meza cirkvito ĉe anodo de 
altpotencaj valvoj, (4) Antena agorda bobeno. 
Modulado estas efektivigita per patentita metodo 
Telefunken'a, ĉe kiu la kutima krada rezistanco 
estas anstataŭigita de la variebla rezistanco de la 
modulaj valvoj, kies rezisteco dependas de la krada 
tensio, kiu, siavice, estas regita de la amplifita 
mikrofona kurento. Fotografaĵoj de l'stacio kaj 
de diversaj eroj de ĝia aparataro kaj ekipaĵoj estas 
presitaj. 


R600.—NE-RADIAJ TEMOJ. 


510.—MATEMATIKO POR SENFADENAJ AMATOROJ. 
—F. M. Colebrook. 


Daŭrigo de la serio komencita en la Maja numero. 
Pritraktitaj estas algebraj multiplikoj, la multipliko 
de numero-grupoj, nulo en la multipliko, dissolvo je 
faktoroj, la tizika aplikado de multipliko, k.t.p. 
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Correspondence. 


Letters of interest to experimenters are always welcome. 


In publishing such communications 


the Editors do not necessarily endorse any technical or general statements which they may contain. 


A New Theory. 
To the Editor, E.W.& W.E. 


Sır, —The method of measurement used in the 
article entitled “ A New Theory ” is very interest- 
ing. I have been making measurements with 
methods similar to this, and would suggest the 
insertion of a large condenser (2wuF) from the H.T. 
side of coil L, to L.T.—. It is important to keep the 
load in the anode circuit as constant as possible, 
otherwise small alterations in H.T. resistance, etc., 
may give variable results. The first valve is really 
a form of Moullin voltmeter using grid rectification. 

Great stress appears to be laid on the supersensi- 
tivity of the galvanometer. This galvanometer has 
to be shunted to pass the anode current and it is not 
clear to me why a less sensitive galvanometer should 
not be used giving full deflection for, say, 200 Or 300 
microamps. I believe the Cambridge Instrument 
Co. can supply pivoted instruments to read as low 
as this without the trouble of a mirror suspended 
type. It is only fair to add that I have used an 
ex-Government micro-volt-ammeter as mentioned 
with very satisfactory results, but this instrument 
is unnecessarily sensitive. 

Methods of measurements such as this could be 
used more extensively by experimenters and are 
well worth while. I have also noticed a connection 
between signal strength and tides. 

E. A. ANSON (Capt.) 20A. 
The Valley, Narberth, 
Pembrokeshire. 


Fading. 
To the Editor, EW. & W.E. 

SIR,—As suggested by Mr. W. H. Maddison in a 
letter published in the June issue, any eftect of 
cloud on reception phenomena should be taken 
into account. It is not so certain, however, that, 
as he says, the conductivity of a cloud is far greater 
than that of ionised air. Indeed, experiments 
carried out by the writer so far have shown the 
reverse to be the case. 

For a homogenous medium to be conductive the 
ions (including isolated electrons, if any) must be 
capable of free movement along a line of potential 
gradient. Now a cloud or fog is not homogenous. 
It consists of discrete particles of water dispersed 
throughout a bulk of air. These particles are 
condensed around solid or ionic nuclei, thus im- 
prisoning and hampering the movements of those 
ions which would otherwise render the medium a 
conductor. True, the aqueous particles possess a 
small electric charge, either by virtue of the 
occluded ions and by any other charged matter 
which may be adsorbed by them, or by other 
means, and so a general but slow drift may occur 
in a negative or positive direction. This results 
in a much smaller conduction than might be 
expected. 


A parallel case may be instanced. Some years 
ago the writer had occasion to measure the con- 
ductivities of dry and moist solutions of hydro- 
chloric acid gas in toluene. It was rather surprising 
to observe that the moist solutions showed lower 
conductivities than the dry. The explanation was 
that the particles of water dissolved out the HCl 
forming a fine cloud of minute globules dispersed 
throughout the non-conducting toluene. 

If Mr. Maddison has any data it would be most 
interesting. 

Harrogate. A. WOODMANSEY (6LU). 


` 


Sır, —I share entirely the ideas of Mr. W. H. 
Maddison, gzBOX; one seems ever fascinated 
by the Heaviside layer theory, and does not look 
enough into atmospheric disturbances. 

As a matter of observation, I can assure you that 
clouds have a great effect on the production of 
fading. I conducted tests here with a Belgian 
friend. As a rule, my signals were quoted 77 on 
his receiver, but when the weather was cloudy, 
and clouds passing just over my house, my signals 
dropped in each case to r5 or r4. This “law ” has 
never been found wrong here. I may add that 
frosty nights give no fading effect, and that foggy 
days seem to have no effect on radio signals. 


Paris. HENRY PIRAUX (f8PY). 


Sır, —I have been greatly interested in recent 
articles and correspondence re “ Fading,” and I beg 
to state that, judging from my own observations 
which have been purely aural, I feel that there is 
something worthy of consideration in the remarks 
attributed to the old lady who hesitated to buy 
a broadcast receiver because she thought that as 
so many aerials were popping up, there would not 
be sufficient energy to go round. 

Many DX listeners are aware that the proximity 
of other receivers, each tuned to the same distant 
station, produces serious changes of signal strength 
more especially when they are in a direct line 
between the desired station and the point of obser- 
vation. Perhaps it would not be unreasonable to 
suppose that although the effect would be inversely 
proportional to the square of the distance between 
the observer and the interfering receivers, it would, 
nevertheless, be a factor which cannot totally be 
ignored when one considers that there may be 
some hundreds of receivers in the direct line, each 
swinging through the band of frequencies round 
about the particular one under observation. 

I am not suggesting that fading is likely to be 
non-existent were there no interfering receivers, 
but I am of the opinion that this effect does seem 
to complicate matters to observers in crowded 
districts, and would possibly give rise to the 
irregularity in fading. 

Highbury. WILFRED GARTLAND (G2GP). 
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Inductance Coils Quantitatively Compared. 
To the Editor, EW. EG W.E. 


SIR-—With reference to Mr. P. K. Turner's 
letter, published in E.W.& E.W. for July, F feel it 
is necessary for me to take arms in my own defence. 

Mr. Turner has evidently realised that Part I. 
of my article was simply a repetition of Mr. Reyner's 
work, made in order to check his rather astonishing 
conclusions, and Mr. Turner has therefore restricted 
his criticisms to Part II. 


He deprecates, for example, the “ simultaneous 
change of several variables ”—and then proceeds 
to suggest another set of measurements, also invol- 
ving simultaneous changes in several variables. 
The truth is, of course, that it is utterly impossible 
to change only one variable at a time—and I am 
not sure that I prefer Mr. Turner's selection of 
simultaneously changing variables to my own. 
The same difficulty occurs in Mr. Butterworth's 
mathematical work, and the sets of simultaneous 
variables that he has chosen are ditferent again, 
as he points out in the courteous note at the end of 
his July instalment. 


Actually, my own selection was made in such a 
manner that the variable under consideration should 
have the preponderating influence in varying the 
resistance, which would not be the case in getting 
experimental figures for the effect of D/l ratio in 
the manner suggested by Mr. Turner. 

Mr. Turner's remarks on the probable inaccu- 
racies of the method that I adopted are just enough 
in ae though heavily exaggerated in numerical 
value. 

In the first place, it is necessary to state that at 
the time when the measurements were made, | was 
living in extremely cramped temporary quarters, 
and had no chance whatever either of making up 
or using anything like decent measuring apparatus, 
and l had to do the best 1 could under the circum- 
stances. Now I have a home, and the deficiencies, 
with the sterling aid of E.W.& W.E., are being 
rapidly made good. 

It is obviouslv impossible for me now to measure 
the resistance of the actual aerial used in the 
measurements published, but I have rigged up a 
pretty close duplicate, and its resistance, measured 
by the resistance variation method, comes out at 
about tr ohms at 380 metres, which is far below 
Mr. Turner’s suggested figure. 


In making his remarks about the probable large 
variation in the self-capacity of the coils, Mr. 
Turner has quite evidently overlooked the fact 
that all the coils were solenoids, and would therefore 
have a pretty low self-capacity, with but small 
variations from coil to coil. To check the point, 
coils 1, 3 and 10 of Table IIA (p. 365) have been 
measured up on apparatus now available, and come 
out as 11.8, 11.3, and 11.5yuuk respectively. Since 
the same tuning capacity of about I120uuF tuned 
all these coils to the same frequency, their true 
inductances diflered, in the extreme case, by one 
part in about 240, which is certainly too small an 
error to be seriously considered in any but the most 
accurate measurements of H.F. resistance. 

Direct pick-up was pretty effectually swamped, 
as stated in the article, by the much greater pick-up 
of the aerial—it was found at the time that the 
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orientation of the coil did not affect the reading of 
the meter. 

Whether small differences were, or were not, 
brought out by the measurements in question 
depends on Mr. Turner's definition of a ‘‘ small 
difference ’’—a tenth of an ohm would certainly 
have passed unnoticed, whereas half an ohm as 
certainly would mot. The resistance of a circuit 
comprising a coil, condenser, leads and Moullin 
voltmeter have been measured to settle this point, 
and the values obtained with various coils of Table 
IIA, were as follows :— 


Using Coil r 14} ohms at 380 metres. 


= su 2 rio ,, be = 
> ,» 9 ,» 19 + 
i „ IO iof o, i Ŝi 
and the “ deflections ' already recorded were 810, 


875, 955 and gio respectively. A change in 
“ deflection '' of 5 units (the smallest readable) 
thus represents roughly one-sixth of an ohm. 

In conclusion, may I be allowed to express my 
hope that I have persuaded Mr. Turner to agree 
that my measurements, although not up to the 
best laboratory standards, were yet a good deal 
more accurate than he imagined in writing to you 
a month ago. 

A. L. M. SOWERBY. 

119, Westbourne Grove, W.2. 


“ Aperiodic ’’ or ““ Untuned ” P 
To the Editor, EW. E W.E. 


SIR— With reference to correspondence by 
“F.A.” in the current issue of Zz. W.E W.E. in which 
he prefers the use of the expression “' untuned ” to 
that of “ aperiodic '' when dealing with certain 
types of radio receivers, I venture to suggest that 
both expressions are equally incorrect, inasmuch 
as, to quote his own words that “ any circuit which 
contains capacity and inductance must have a 
natural frequency (even when not purposely tuned)” 
—surely, if a circuit is not “' purposely tuned ” it 
is nevertheless tuned to some definitesfrequency, so 
why refer to it as being ‘‘ untuned ” ? 

l think that “ Fixed Tune ” would perhaps be 
more nearly correct. 


Highbury. WILFRED GARTLAND (G2GP). 


ERRATUM. 


Germany’s High Power Broadcasting Station. 


It is regretted that through an error an 
incorrect diagram was inserted for Fig. IO on 
page 415 of our last issue. 

For convenience in making the correction, we 
have inserted the correct diagram in the ad- 
vertisement pages of this issue. 


CALIBRATION DEPARTMENT. 


EW.6. W.E. Calibration Department is tem- 
porarily closed. An announcement will be made 
in these columns when readers’ apparatus can 
again be received by this Department for calibra- 
tion. “ 
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Some Recent Patents. 


A DOUBLE EARTH RECEIVING SYSTEM. 


(Application date, 6th February, 1925. 
No. 251,693.) 


G. A. Morris and B. C. Stevenson describe in 
the above British Patent Specification the arrange- 
ment of a device to substitute the normal receiving 
aerial. The scheme consists essentially in pro- 
viding a receiver with two earth connections, the 
second earth connection substituting the usual 
aerial. Thus in the accompanying illustration two 
earth connections are shown at X and Y respec- 
tively. The ordinary receiver comprises a variable 
inductance L,, a detector D and telephones T. 
The normal aerial and earth terminals of the 
receiver are not connected directly to the two 


earth connections X and Y, but are taken through 
a network of capacities and a resistance. The 
capacity C, is placed across the earth connections. 
One end of the variable condenser C, is taken 
through another condenser C, to one end of the 
variable inductance L,, while the other end of the 
inductance is connected to the other side of the 
capacity C, through a variable resistance R. It 
is stated that dissimilar earth connections may be 
used, such as a water pipe and a gas pipe. 
Alternatively, two earth tubes or plates may be 
used, placed some twenty feet apart, and preferably 
along the line joining the desired transmitting 
station with the receiver. The value of the con- 
denser C, is of the order of .oo1wuF while that of 
the condenser C, may be between .ooVV1IUF and 
.0o003uF. Another modification of the invention 
consists in placing radio frequency chokes in shunt 
with the two variable condensers. 


A FREQUENCY TRANSFORMER FOR SHORT 
| WAVES. 


(Convention date (Germany), 16th August, 1924. 
No. 238,559.) 


The Telefunken fiir Gesellschaft Drahtlose Tele- 
graphie M.B.H. described the construction of a 
rather interesting frequency transformer in the 
above British Patent. It is stated that the use of 
iron for frequency transformers for the purpose of 
generating very short waves introduces difficulty, 
owing to the losses which occur when a very great 
number of ampere turns per centimetre winding 
is necessary for a small volume. This results in 
considerable heat being generated which it is 
not possible to dissipate in the normal manner. 
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The conductor carrying the currents at the 
fundamental frequency is surrounded with a 
thin ferro-magnetic layer, preferably not thicker 
than about o.r mm. For example. as shown 
in one of the figures reproduced, the con- 
ducting wire or tape may be surrounded with 
thin ferro-magnetic 
hair wire. The 
secondary circuit S 
and primary circuit 
P are connected 
through a conductor 
C spun round with 
thin hair wire. In 
an alternative modi- 
fication the iron may 
be applied in a thin sheet by plating, spraying 
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or powdering. The specification also includes 
other detailed modifications and alternative 
methods. 


A REFLEX CIRCUIT. 


(Application dates, 11th February and 28th March, 
1925. No. 251,374.) 

C. A. Cleghorn describes in the above British 
Patent a three-valve reflex circuit, the novelty of 
which lies in the introduction of resistance-coupled 
stages for both high and low frequency amplifica- 
tion. A three-valve circuit is shown in the accom- 
panying illustration in which the first two valves 
act as dual amplifiers, the first one being resistance 
coupled and the second one being coupled by a 


O-H.T. O+ H.T. +Ò 


01 Dal Ot 4 +0 


high frequency transformer to the rectifier, the 
output of which is fed back to the first amplifier. 
Thus, in the accompanying illustration it will be 
seen that the aerial circuit comprises an inductance 
L, and variable condenser C,, connected in the grid 
circuit of the first dual amplifier. The dual 
amplifier contains a resistance R, in the anode 
circuit, which is coupled by a .oos fixed condenser 
to the grid of the second valve V,. The anode 
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circuit of the valve V, contains the primary P of 
a high frequency transformer, and also the 
telephones T. The secondary of the transformer S 
is tuned by condensers C, and C;, and is connected 
through the usual grid condenser C, to the grid 
of a detector valve V;. The output circuit of this 
valve contains a reaction coil L,, which is coupled 
to the secondary of the transformer, and also 
contains the primary winding of a low frequency 
transformer LF. The secondary winding of this 
is connected between the earth and the lower side 
of the input. Low frequency potentials which 
have been amplified by the first valve are passed 
on by the resistance R, to the grid of the second 
valve which amplifies them still further, the final 
output being taken to the telephones T contained 
in the anode circuit of the second valve. 


A TELEVISION DETAIL. 
(Application date, 6th March, 1925. 
No. 252,799.) 

A rather interesting television scheme is described 
by G. M. Wright and R. N. Vyvyan in the above 
British Patent. The object of the invention is to 
control or modulate the rays as reflected from the 
target to an X-ray tube so as to effect a photographic 
device, or florescent screen. Thus, in the accom- 
pany illustration it will be seen that an X-ray tube 


T 
TE. 
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of the Coolidge type is shown, in which T is the 
target and C the cathode which is heated in the 
normal manner. A grid G is interposed between 
the cathode C and the target 7, so that potential 
variations applied between the cathode and the 
grid will control the intensity of the rays which are 
emitted, thus causing a variation in the effect on 
the florescent screen, or other device which may be 
employed. 


“A TALKING ARC.” 
(Application date, 23rd September, 1925. 
No. kej Taj 6 

Dr. H. Konemann describes in the above British 
Patent, No. 241,874, a modification of the singing 
arc. The object of the invention is to convert 
electrical into acoustic energy ; that is, to provide 
some form of loud-speaker or telephone with the aid 
of an arc. The invention consists essentially in 
striking an arc between two carbon or similar 
electrodes, the arc being fed from high frequency 
currents, which are modulated at an audible 
frequency. Thus, a source of high frequency 
energy is obtained from H through the medium of a 
transformer or coupling device T, which is tuned by 
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a condenser C and inductance L connected across 
the two carbons A. When the source of high 
frequency current is substantially steady the heat 
in the air gap remain constant, and there is no 
alteration in air density except, of course, at a 
radio frequency which is inaudible to the human ear. 
If, however, the 

high frequency o 

current is modified 

by speech currents H do ~i 
from a micro- 3 L 

phone, or similar 

source, the high 

frequency energy will vary, causing a change 
in temperature between the electrodes of the 
arc, with a resultant change in air wave pressure, 
giving rise to ordinary sound waves. The advantage 
of the arrangement is that there is substantially 
no mechanical or electrical inertia. 


A TRIGGER SYSTEM OF RECEPTION. 


(Application date, 31st March, 1925. 
No. 250,748.) 


A system of trigger reception is described by 
W. J. Brown, C. E. Burch and Metropolitan-Vickers 
Electrical Company, Limited, in the above British 
Patent, which includes several modifications of 
the invention, one of which will be described in 
detail. The accompanying illustration shows an 
ordinary three-electrode valve V, provided with a 
tuned grid circuit Li Ci, and a reaction coil L2, 
the two coils being coupled so as to produce a 
regenerative effect. The lower end of the grid 


circuit is connected to the lower end of the fila- 


ment by a potentiometer P and a by-pass con- 
denser C2. The potentiometer P is adjusted so 
that the steady voltage of the grid is sufficiently 
negative to prevent the maintenance of oscillations. 
The anode voltage is derived from a source of 
alternating current A, and is connected in series 
with an inductance such as a relay R, shunted by 
a condenser C3. When the negative half cycle is 
applied to the anode the valve, of course, is in- 
operative, but when the anode is positive with 
respect to the filament 
then the valve is 
operative, a certain 
steady anode current 
flowing and passing 
through the relay, 
which is adjusted so 
that at those values it 
does not quite pull 
over. If, now, the 
inductance L, be 
coupled to an aerial 
system, and tuned to 
resonance with a given 
signal, it follows that 
potential variations 
will occur between 
the grid and the filament with the result that the 
grid will become more positive on the positive 
half cycles. This increase of positive potentials 
is sufficient to cause the valve to oscillate when 
the valve is positive with respect to the filament. 
As soon as the valve commences to oscillate there 
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will be a considerable increase in steady anode 
current, sufficient, in fact, to cause the relay to 
become operative. If the device were supplied 
with direct current it is probable that the oscilla- 
tions would be maintained immediately the device 
had been trigged. However, as soon as the anode 
becomes negative with respect to the filament the 
anode current will be materially cut down, suff- 
cient, in fact, to quench the oscillations, and at the 
same time cause the relay to return to its normal 
position. The arrangement thereby being ready 
to deal with the next signal. The specification is 
very detailed, and includes other modifications, 
particularly the adoption of this principle to super- 
regenerative circuits. Where an indicator is used 
instead of ordinary telephone receivers the fre- 
quency of the alternate potentials applied to the 
anode may be quite low, a 50-cycle commercial 
supply, for example, being suitable. In the case 
of telephone reception, or with a super-regenerative 
' arrangement, a local oscillator valve functioning 
at a frequency in the neighbourhood of audibility 
is preferred. 


——= 


ANOTHER CARBORUNDUM DETECTOR. 
(Application date, 26th March, 1925. 
No. 251,408.) 

Another modification of the Carborundum Com- 
pany's crystal detector is described in the above 
British Patent. The chief novelty of the detector 
is in the preparation. of the carborundum crystal, 
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a portion of which is metallically coated and 
soldered into a containing cup, or similar device. 
In this particular modification, however, a car- 
borundum crystal C treated in this manner 1s fixed 
to a cup K, the point of the crystal, which is made 
chemically pure, being in contact with a steel 
block B in the form of a cylinder which moves in 
an insulating tube I. The end of the steel piston 
or block B is controlled by a strong helical spring H. 
The ends of the tube are closed by means of end 
caps E to which are fixed terminals T. Other 
modifications of the patent include the substitution 
of other forms of springs such as leaf springs, and 
those of U-shaped formation. 


A DOUBLE FILAMENT VALVE. 
(Application date, 19th June, 1925. 
No. 252,554.) 

The Dubilier Condenser Company (1925), Ltd., 
and J. V. Capicotto describe in the above British 
Patent the construction of a valve which can be 
used without the normal grid-leak. The idea of the 
invention can be gathered by reference to the 
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accompanying illustration, in which it will be seen 
that a tuned circuit L, C, is connected between the 
grid G and filament F of the valve V, the usual 
grid condenser C, being included. Normally with 
this arrangement the grid would assume a negative 
charge, thus causing the valve to become inopera- 
tive. It will be noted, however, that a small 
additional filament A heated by a battery B and 
controlled by a rheostat R is included in the valve, 
and is connected to the grid G. Thus it will be 


seen that if the filament A is heated it will emit 
electrons which will thus enable the charge which is 
collected on the grid to leak away to the main 
filament. In other words, the auxiliary filament A 
acts as the grid-leak of the arrangement, and the 
value of the grid-leak can be varied by controlling 
the rheostat associated with the auxillary filament. 
In a modification of the invention, the second 
filament is used as the grid or control electrode. 


A MULTIPLE VARIOMETER. 


(Application date, 13th July, 1925. 
No. 250,278.) 


R. B. Matthews and W. H. R. Pike described 
in the above British Patent the construction of a 
multiple variometer, which consists essentially of 
a stator, and two co-axially mounted rotors. 
One modification of the invention is illustrated by 
the accompanying diagram, in which two vario- 
meters A and B are mounted upon a common 
stator tube T. The variometer A consists of a 
rotor a controlled by a knob d, and a stator S. 
An additional rotor E controlled by a knob D 
forms: part of the. winding of the variometer B. 
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By this arrangement it is found easily possible to 
couple the two variometers together. The specifi- 
cation also provides for the use of one of the 
windings as a reaction coil. 


E 
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LOUD-SPEAKER MOVEMENT. 
(Application date, 6th August, 1925. 
No. 251,151.) 


J. Piquart claims in the above British Patent, 
No. 251,151, the construction of a loud-speaker 
movement which is represented diagrammatically by 
the accompanying illustrations. The loud-speaker 
movement consists of a horseshoe magnet H (Fig. 1) 
provided with L-shaped laminated pole pieces L, 
which carry the usual windings W. A peculiar 


Fig. 1. 


feature of the invention is the inclusion of some 
iron rods J, which are clamped over the edges of 
the laminated pole pieces by means of clamping 
devices K. The horseshoe magnet is carried by 
a plate P, which rests on a block of sponge rubber 
S, which, in turn, rests upon the base of the con- 
tainer. The plate is provided with a screwed 
stud N, other screwed studs M (Fig. 2) projecting 
in the lower face of the plate, and surrounded with 
helical springs. Adjustment of the magnetic 
portion with respect to diaphragm is obtained by 
means of a lever A, which rotates a threaded 
device co-operating with the screwed stud N, 
thereby causing the stud to rise and fall, and 


Fig. 2. 


carry with it the movement. The specification 
is fairly detailed, and contains constructional 
information and additional minor features. For 
example, it may be mentioned that the end of 
the sound conduit is screwed rigidly into position. 


DUPLEX SIGNALLING. 
(Application date, 31st March, 1925. 
No. 250,747.) 
E. W. Braendle and Metropolitan-Vickers Elec- 
trical Company, Limited, describe a system of 
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duplex signalling in the above British Specification. 
Essentially, the invention consists in utilising 
synchronised sources or a common source of high 
tension supply, one half cycle of which is used to 
make the transmitter valves operate, while during 
the other half cycle the receiving valves are opera- 
tive. This enables duplex signalling to be carried 
out, accompanied, of course, by a superimposed 
hum, due to the frequency of the alternating 
current supply. A source of alternating current 
supply E feeds two conductors A and B. The 
valve V, is used as a generator of high frequency 
currents, a tuned circuit L, C, and a grid coil L,, 
coupled in the usual manner, a key A being used. 
The anode of this valve is supplied from current 
derived from the source A, while the filament of 
the valve is connected to the conductor B. The 
valve V, is used for reception, and comprises a 
tuned grid circuit L, C}, a reaction coil L, being 
included in the anode circuit. A relay R is shown 
as the indicating device. A bias battery will be 
noticed in the grid circuit of this valve, arranged 
so as to give the grid a negative potential with 
respect to the filament. The valve receiver is of 
the trigger variety, in which the received signals 
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cause oscillations to commence which are subse- 
quently quenched when the anode becomes nega- 
tive with respect to the filament. The anode of 
the valve V, is fed from the conductor B, that is, 
the opposite conductor from that feeding the 
anode of the valve V,, while the filament of the 
valve V, is connected to the conductor 4. The 
two valves are electrostatically coupled to the 
conductor B by means of wires W and W, respec- 
tively. An exactly similar arrangement of valves 
is shown connected to the same conductors A 
and B intended to be placed some distance away. 
Thus it will be obvious that on one half cycle one 
transmitter and distant receiver will become 
operative, while on the other half cycle the distant 
transmitter and near receiver will be operative. 
In this way duplex signalling can be carried out. 
The system is not applicable as indicated to tele- 
phony owing to the trigger type of receiver and 
the superimposed hum. 
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SPECIAL SC[UDEN TS” LIBRARY EDITION 


FIFTY YEARS of 
ELECTRICITY 


By J. A. FLEMING, M.A., D.Sc. F.R.S. 


The Memories 
of an Electrical Engineer 


| kau this volume the author places before the general 
reader a review of the chief triumphs of applied 
electricity during the last half-century. 

Dr. Fleming's name gives to the book an authority which 
those interested in the subject will appreciate. The author 
has a word to say upon every phase of applied electricity, 
and besides giving a critical account of the activities of the 
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, ML Pages 
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| Cloth Bound 


PRICE past fifty years, he indicates the trend of present research 
| 1 5 / and suggests the course of future progress and development. 
a Every student should make a point of obtaining a copy of 
Net. this new edition of what may be regarded as a classic 
Pa of technical literature. ; 
By Post Obtainable from all leading Booksellers 
15/9. or direct from the Publishers: 


“ILIFFE & SONS Lro., Dorset House, Tudor Street, London, E.C.4 
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The SECOND BOUND VOLUME of “ Experimental Wireless 
contains fifteen monthly issues of the magazine, from 
October, 1924, to December, 1925, inclusive. It is a store- 
house of indispensable information for all advanced research 
and experimental workers. The volume is handsomely 
bound in cloth, and contains the complete contents, together 
with a copious and well-arranged alphabetical index to all 
articles. 


” 


PRICES OF BOUND VOLS. 
VOLUME TWO. Oct., 1924—Dec., 1925. 
£1 3s. 6d., post free. 
VOLUME ONE. Oct., 1923—Oct., 1924. 
£1 Os. 6d., post free. 


BINDING CASES BINDING YOUR VOLUMES 
Cloth Binding Cases for Volume Send us your 15 issues and we will 
es f Sal Price 3/3 return these handsomely bound in 
~'wo are now on Sale. Price cloth with index. Price 8/9 ret, 
post fre». post free. 


SEND YOUR ORDER NOW! 


Please address all\communications to “EXPERIMENTAL WIRELESS,’ 
ILIFFE & SONS LTD., Dorset House, Tudor Street, LONDON, E.C.4. 


> Kindly mention “ Experimental Wireless" when replying to advertisers. F 
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BUYERS’ GUIDE. 


AMMETERS.—Burndept Wireless, Ltd., Aldine House, Bedford Street, 
Strand, W.C.2. i 


ANODE CONVERTER.—S. Smith & Sons (M.A.), Ltd., 185, Great Portland 
Street, W.1. 


COILS.—Gambrell Bros., Ltd., 76, Victoria Street, London, S.W.1. 
Igranic Electric Co., Ltd., 149, Queen Victoria Street, E.C. 
Lissen Ltd., Friars Lane, Richmond, Surrey. Slektun, Wellington 
House, Buckingham Gate, S.W.1. A. J. Stevens & Co. (1914), Ltd., 


Radio Branch, Wolverhampton. Tunometer Works, Gosford Road, 
Beccles, Eng. 


COIL HOLDERS.—Igranic Electric Co., Ltd., 149 Queen Victoria Street, 
E.C. A. G. Parker & Co., Bisley Works, Whittall Street, Bir- 
mingham. 


CHOKE (L.F.).—Lissen Ltd., Friars Lane, Richmond, Surrey. 


COND (GENERAL).—Autoveyors, Ltd., 84, 
S.W.I. Bowyer-Lowe Co., Ltd., Letchworth. 
denser Cu. (1925), Ltd., Goldhawk Road, W.12. 
Co., Ltd., 149, Queen Victoria Street, 
Lane, Richmond, Surrey. 
Court Road, W.r. 
Road, Cambridge. 
Street, Birmingham. 


GALVANOMETERS (CAMBRIDGE UNIPIVOT).—Cambridge Instrument 
Co., Ltd., 45, Grosvenor Place, S.W.1. 


GENERATORS.—Evershed & Vignoles, Ltd., Acton Lane Works, Chiswick, 
London, W.4. 


GRID LEAKS.—Igranic Electric Co., Ltd., 149, Queen Victoria Street, 
E.C. Lissen Ltd., Friars Lane, Richmond, Surrey. Watmel 
Wireless Co., 332a, Goswell Road, E.C.4. 


Victoria Street, 

Dubilier Con- 

Igranic Electric 
E.C. Lissen Ltd., Friars 
Marconiphone Co., Ltd., 210, Tottenham 
W. G. Pye & C0., t Granta Works,” Montague 
Wilkins & Wright, Ltd., Utility Works, Kenyon 


HEADPHONES.—A. J. Stevens & Co. (1914), Ltd., Radio Branch, 
Wolverhampton. 

ENON STECO 1 TYPE). —Igranic Electric Co., Ltd., 149, Queen Victoria 
treet, E.C. 


LOUD SPEAKERS.—<Alfred Graham & Co., St. Andrew's Works, Crofton 
Park, S.E.4. Marconiphone Co., Ltd., 210, Tottenham Court Road, 
W.r. A. J. Stevens & Co. (1914), Ltd., Radio Branch, Woiver- 
hampton. 


MEASURING INSTRUMENTS.—Burndept Wireless, Ltd., Aldine House, 
Bedford Street, W.C.2. F. C. Heayberd & Co., 9, Talbot Coun 
Eastcheap, E.C. Weston Electrical Instrument Co., Ltd., 15, Great 
Saffron Hill, E.C.r. 

PERIODICALS.—“ Journal of Scientific Instruments,” “Institute of 
Physics,” 90, Great Russell Street, W.C.t. | 


RESISTANCES (ANODE).—Lissen Ltd., Friars Lane, Richmond, Surrey. 
Varley Magnet Co., Woolwich, S.E.18. 


RESISTANCES ( 
Victoria Street, E.C. 


TANTALUM RECTIFIER.—Radio Accessories, Ltd., 9/13, Hythe Road 
Willesden, N.W.10. 


TERMINALS (SPECIAL TYPE).—Autoveyors, Ltd., 84, Victoria Street, 
S.W.1. Igranic Electric Co., Ltd., 149, Queen Victoria Street, E.L. 
M.A.P., Ltd., 246, Great Lister Stieet, Birmingham. 


TRANSFORMERS.—Ferranti Ltd., Hollinwood, Lancs. 


„—lgranic Electric Co., Ltd., 149, Queea 


RMERS (L.F.)—Igranic Electric Co., Ltd., 149, Queen Victoria 
Street, EC. W.G. Pye & Co., “Granta Works,” Montague Komu, 
Cambridge. - 


VALVES.—Economic Electric Co., Ltd., 10, Fitzroy Square, W.1. The 
Fellows Magneto Co., Ltd., Park Royal, N.W.10, General Electr. 
Co., Ltd., Kingsway, W.C. Lustrolux Ltd., West Bollington, nes | 
Macclesfield. Marconiphone Co., Ltd., 210, Tottenham Court Roag 
W.r. Metro-Vick Supplies, Ltd., 145/147, Charing Cross Koad,f 
W.C.r. The Mullard Wireless Service Co., Ltd., 45, Nightinza:t 


Lane, Balham, S.W.12. 


VERNIER ATTACHMENTS.—Igranic 
Victoria Street, E.C, 


QSL CARD8.—E. H. Appleby, The Croft, Willesden, N.W.10. T. Warburte:., 
& Co., Ltd., 77, Sackville Street, Manchester. 


WAVEMETERS.—Heath & Co., New Eltham, S.E.9. 


Electric Co., Ltd., 149, Queens, 


The Diagram reproduced below should be inserted on page 415 of the issue of 
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E.W. & W.E. for July in place of the diagram reproduced there in error. 
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diagram of connections. 
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Editorials. 


Who Invented the Neutrodyne P 


ERHAPS it would be advisable if, 
[Prete attempting to answer this 

question, we asked another, viz., what 
is a Neutrodyne ? Both of these questions 
are prompted by the recent visit to this 
country of Professor Hazeltine of the United 
States of America, who was entertained to 
lunch at the Savoy Hotel by a wireless trade 
paper of which Mr. Scott-Taggart is Editor, 
and who in the course of a subsequent speech 
made some very complimentary remarks 
about his host, which remarks are set out 
with suitable headlines in a recent number 
of one of Mr. Scott-Taggart's publications. 
Not without reason, however, for Professor 
Haze!tine is stated to have said that “ while 
we in America call the receiver the Hazeltine 
neutrodyne, we should in Eng'and ca!l it 
the Scott-Taggart neutrodyne.” 

The financial importance of the neutrodyne 
patents may be judged from the astounding 
statement that Professor Hazeltine and his 
associates in the Hazeltine Corporation 
draw patent licence fees to the extent of 
£120,000 per annum. 

We propose to sketch briefly the history 
of the subject. 

British Patent No. 119365 of rg18 is in 
the name of the British Thomson-Houston 
Co., but was communicated to them by the 
General Electric Co. of America. The 
inventor was, we believe, Mr. Rice. It is 
entitled: ‘‘ Improvements in and relating 


to Systems for Amplification of Small 
Currents,” and the specification opens as 
follows: “ Our present invention relates to 
the amplification of electric currents of small 
intensity and especially currents such as are 
produced in an antenna by received radio 
signals. More particularly it relates to the 
use of electron discharge relays, detectors 
or amplifiers of the type employing an 
incandescent cathode or anode and a grid 
enclosed in an evacuated envelope for receiv- 
ing radio signals. 

“It has been found that under certain 
conditions a device of the above type 
produces oscillatory currents in the circuits 


` associated therewith, and in many cases the 


oscillatory currents so produced interfere 
with the efficient reception, amplification 
and detection of the signals to be received. 
The object of our invention is to avoid the 
undesired production of oscillatory currents 
when such a device is used either as an 
amplifier or detector, or to serve both 
functions. 

“It has been ascertained that the produc- 
tion of oscillatory currents by such a device 
is due to the coup!ing which is always present 
between the grid and plate circuits. This 
coupling is of two kinds, e'ectromagnetic and 
electrostatic. When the p'ate and grid 
circuits both contain air core inductances 
which are not magnetically shielded from 
each other there will be a large leakage 
flux between the two and electromagnetic 
transfer of energv from the plate circuit to 
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the grid circuit which may be sufficient to 
produce oscillations in the circuits even 
though the coils may be located at some 
distance from each other. There is in any 
case a certain electrostatic coupling between 
the two circuits by reason of the capacity 
between the electrodes and the capacity to 
ground of the circuits. This coupling alone 
may also be sufficient to produce oscillations. 
It has been proposed to neutralise the electro- 
magnetic coupling by a second electromag- 
netic coupling in the opposite direction. This 
coupling may also be made great enough to 
compensate for the capacity coupling, but 
in case it is so arranged it will be correct 
only for one particular frequency and in case 
the tuning of either of the circuits is varied 
the degree of the coup!ing also will have to 
be varied. 

“In carrying our invention into effect we 
overcome the electromagnetic coupling be- 
tween the circuits which is present when air 
core inductances are used by enclosing the 
inductances in separate metal boxes. We 


also overcome the effect of the electrostatic. 


coupling by impressing upon the circuits 
electromotive forces equal to and opposite 
in direction to those impressed thereon by 
reason of the natural capacity coupling and 
thereby neutralise the effect of this coupling. 
When this compensation is once adjusted 
it is effective for all frequencies to which the 
circuits may be tuned.” 

We need not continue this detailed quota- 
tion from the Patent Specification, but we 
may mention that the neutralisation of 
capacity coupling is shown both for a single 
valve receiver and for a three valve receiver 
with two stages of high frequency amplifica- 
tion. No claim is made for putting the coils 
in metal boxes, but it is stated that the coils 
“are so arranged as to avoid any magnetic 
coupling between the two circuits.” We shall 
only reproduce the first claim which is as 
follows: “lIn a radio receiving system, an 
electron discharge amplifier having resonant 
grid and plate circuits and means for com- 
pensating for the capacity coupling between 
said circuits and therebv preventing the 
generation of oscillatory currents in said 
circuits which interfere with the reception of 
desired signals.” It would take us too far in 
this Editorial note to discuss in detail the 
means described for attaining this object, 
but the principle will be seen from the 
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statement in the ‘specification that “in 
order to compensate for the coupling due to 
the natural capacity (12) between the grid 
and anode we apply to the grid 
circuit through the condenser (13) an electro- 
motive force equal and opposite to that 
impressed upon the grid from the anode 
across the capacity (12). In order to do this 
the cathode is connected to the central pomt 
of inductance (4), the grid is connected to 
one end of this inductance and condenser (13) 
is connected to the other.” So that we have 
here in 1918 a fairly lucid statement of the 
prob!em and a method of solving it, using the 
now familiar neutralising condenser and 
central tapped inductance. 

We do not pretend to give any opinion on 
the validity of this patent or of its individual 
claims, but we do wish to emphasise that this 
patent with its statement of the problem and 
its incentive to develop other methods of 
solving it, was applied for on 2nd January, 
1918, and finally accepted on 3rd October, 
1918, whereas Hazeltine’s application was 
filed on 7th August, 1919, and not finally 
patented until 27th March, 1923. There are 
other Hazeltine patents, but we believe that 
we are right in saying that this is the first 
one referring to this subject; it is entitled 
“ Method and Electric Circuit Arrangement 
for Neutralising Capacity Coupling.” We 
need not describe Hazeltine’s method as it 
is well known ; like the original method of the 
B.T.-H. Co.’s patent it involves an arrange- 
ment of tapped inductance coils and neutral- 
ising condensers. The name “ Neutrodyne ”’ 
has been registered by Hazeltine and can 
strictly only be applied to his patented 
arrangement; other arrangements for attain- 
ing the same result should therefore be 
described as neutralised or capacity-balanced 
or some such term. Mr. Scott-Taggart’s 
application for a patent was not made until 
2nd Januarv, 1923, exactly five years after 
the B.T.-H. Co.’s application, and three and 
a half years after Hazeltine’s, but as the 
latter’s patent was not published in this 
country until 5th April, 1923, Mr. Scott- 
Taggart's patent takes priority in so far as 
it mav anticipate anvthing in the Hazeltine 
patent. 

Now although the B.T.-H. Co.'s patent 
specification shows a three valve set it omits 
the neutralising condenser shown in the single 
valve set, on the plea that “we have found 
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that if coils having a large number of turns 
are employed, the capacity between the coils is 
so great in comparison with the capacity (12), 
that the effect of the latter may be neglected.” 
Mr. Scott-Taggart's patent is therefore mainly 
confined to “ a plurality of stages,” and he 
had to insert a statement to the effect that 
he was aware of Specification No. 119365, 
and that he made no claim to anything 
described or claimed therein. The patent 
situation has been somewhat simplified by 
the sale of the Scott-Taggart patent to a 
person who turned out to be an agent of the 
Hazeltine Corporation. 

With reference to Mr. Scott-Taggart’s 
complaint that although “ the Scott-Taggart 
patent had been published in June, 1923, in 
Wireless Weekly, and the British industry 
was fully aware of the inventor’s claims, not 
a single firm approached the owner of the 
patent,” it is interesting to note that the 
patent was not accepted until 2nd July, 1924, 
and that it was taken out in the joint names 
of Mr. John Scott-Taggart and Radio 
Communication Co., Ltd. 

We do not intend to enter into any 
discussion as to the relative merits of the 
three patents,—such a discussion would be 
out of place,—but we think that we have given 
sufficient of the history of the subject to 
enable any reader to form his own opinion 
as to who it was, that in 1918 invented the 
neutralisation of the valve capacity, and who 
it was that in the following year first invented 
the special arrangement of neutralisation 
known by the name of neutrodvne. 


Cathode Ray Tubes. 


ONSIDERABLE attention has been 
devoted in recent times to the cathode 
ray tube, especially to its use as an 
oscillograph and general high frequency 
accessory. The well-known Western Electric 
tube has done much to lift this type of 
instrument from the grade of a laboratory 
experiment to an engineering device, and 
places an instrument of great potentialities 
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in the hands of the wireless engineer. 
It must be said, however, that there is 
yet room for development, more especially 
of increased deflectional sensitivity, which 
is concomitant with lower anode voltages. 
Details are already to hand, from America, 
of a tube giving what is described as 
a bright beam at the modest potential of 
50 volts. The whole subject is one worthy 
of more attention by makers in this 
country. Apart from its value as a purelv 
measuring instrument and laboratory acces- 
sory, there are considerable possibilities in 
these tubes as regards their application 
to more ordinary wireless technique. The 
ideal to be aimed at is a tube of the dimen- 
sions of a large receiving power valve, 
perhaps even of a small transmitting valve, 
operating on voltages readily available at 
any wireless station. Perhaps the time will 
come when such tubes may be handled as 
casually as the average wireless man now 
handles his valves. 
Power Losses in Insulating Materials. 

N E.W. & W.E. of May, 1925, Mr. 

Wilmotte, in a paper entitled “ Parasitic 

Losses in Inductance Coils at Radio 
Frequencies,” pointed out that phase angle 
in itself was not a sufficient criterion of the 
quality of a dielectric with respect to losses 
but that the true criterion was the product 
of the phase angle and the dielectric constant. 
Our attention has been drawn to the fact 
that this was emphasised by Mr. E. T. Hoch 
in a paper entitled “ Power Losses in Insu- 
lating Materials,” published in November, 
1922, in Vol. 1, No. 2 of the Bell System 
Technical Journal. In this article Mr. Hoch 
says: “While no single factor of the 
expression can be used to represent the 
losses, the product of phase difference and 
dielectric constant can be used in this way. 
Furthermore, for most good insulators, 
this product remains fairly constant through- 
out a considerable range of voltage and 
frequency.” 
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The Keying of Valve Transmitters. 


By W. T. Ditcham, A.M.LE.E. 


T first sight the three-electrode valve 
A appears so peculiarly adapted for easy 

signalling control that there would 
seem to be little to do to carry out a satis- 
factory method of keying. 

As a matter of fact a completely satis- 
factory solution of the problem presents 
considerable difficulties, more particularly 
when signalling with large powers has to be 
accomplished, and although the transmitting 
amateur has not these particular high power 
difficulties to contend with, a description of 
various methods that have proved service- 
able in commercial practice may be of interest 
to the experimenter. 

In any keying method, whether the power 
is large or small, the ideal to be aimed at is 
that the signalling shall not appreciably 
affect the frequency of oscillation. If this 
condition is not fulfilled then it wil be 
found that the dots are radiated on a different 
wavelength to the dashes, and probably 
that the dashes vary in wavelength through- 
out their length, giving a peculiar wailing 
note in the receiver. Constant frequency is 
essential in long range commercial work 
where sharply tuned note filters are necessary 
at the receiving end to reduce interference. 
In the case of commercial transmitters the 
keying system must usually be capable of 
operating at high speed, and when large 
powers are in question then it is vital that 
the keying does not cause dangerous voltage 
surges on the valves. 

Valve transmitters can be classified into 
two main divisions :— 

(a) Self-excited oscillators, 
(b) Magnifiers excited by a master 
oscillator, 
and these two groups can be further differ- 
entiated according to whether they operate 
on plain aerial or with coupled circuits, and 
whether the power supply is provided by 
direct current or rectified alternating current. 

To each of these types different methods 
of keying are particularly applicable. 

Considering the simplest tvpe first, namely, 
the self oscillator with plain aerial, the most 
obvious method of keying is to open and 
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close the grid resistance, and preferably 
simultaneously make and break the power 
supply. Numerous small power sets have 
been constructed with this signalling arrange- 
ment, but except for simplicity there is 
nothing in its favour, the note quality 
generally being very poor. A possible alter- 
native is to use the key to vary the value of 
the grid resistance or grid-leak condenser, 
which operation causes a slight change in 
wavelength. In this arrangement the valve 


“is not caused to: stop oscillating, but marks 


are transmitted on one frequency and spaces 
on another. The method gives good quality 
and small key sparking, but is not likely to 
find favour nowadays when wavelengths are 
so precious. 


~v 


A plate keying circuit used on primitive 
transmitters. 


Fig. I. 


Better results are obtained with these 
simple transmitters by keying in the plate 
circuit, and this method has been much used. 
As the normal transmitter of power exceeding 
half a kilowatt or so almost always operates 
on a rectified alternating current supply 
with a smoothing circuit, although a few sets 
have been used employing polyphase currents 
fed directly to the oscillator anodes, and 
several high power stations work with high 
tension D.C., we will review a few plate 
circuit signalling methods suitable for this 
type of set. It may be noted in passing 
that keying cannot be carried out by simply 
breaking the primary of the power trans- 
former of such a set, as the smoothing 
condenser will go on discharging and main- 
taining the valve in oscillation after the key 
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has opened, so that except at very low speeds 
the signals will be so blurred as to be useless 
for traffic. 

A method which had considerable applica- 
tion in sets up to some five kilowatts power 
is shown in Fig. 1. 

In this arrangement a double-break sole- 
‘noid-operated key served to isolate the 
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be thrown on to the valves causing a transient 
frequency variation, and possible damage to 
the oscillator. This condenser voltage rise 
has always to be taken into account when 
rectified alternating current is employed, and 
the valve load is removed during signalling. 
Fig. 2 shows an improvement, inasmuch as 
the primary power is also interrupted, a 


CB 


al 


Fig. 2. Simultaneous keying of primary and plate currents. 


smoothing condenser from the supply, and 
also from the oscillating valve. The reasons 
for the necessity of the two breaks should be 
understood. Clearly if the circuit was broken 
only at the point X, in the diagram then the 
blurring effect mentioned above would take 
place, and if the key was arranged to break 


~ 


Fig: 3. 


at the point X, only, then the condenser 
would remain connected to the rectified input 
with no means of discharging. This would 
result in the condenser becoming charged to 
a potential equal to the peak voltage of the 
transformer, a voltage that might be nearly 
twice the normal working value. On the key 
reclosing obviously this high voltage would 


double armed signalling switch being em- 
ployed. 

It has been found that the quality of the 
keying note from a self-oscillating trans- 
mitter is improved if, instead of completely 
stopping the oscillations, the valve is allowed 
to continue oscillating weakly during the 


A keying circuit in which the valve can oscillate weakly during the spacing intervals. 


spacing intervals. A circuit which permits 
of this is shown in Fig. 3. 

By suitably proportioning the two resis- 
tances R, and R, the voltage on the smooth- 
ing condenser can be maintained constant 
whether the key is open or closed. A variant 
of this method is represented in Fig. 4, 
where a double ended switch simultaneously 
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operates across a high resistance in the plate 
circuit and a variable choke in series with the 
transformer primary. As before, by adjust- 
ment of the resistance and choke the con- 
denser voltage can be kept steady during 
keying. This method has been used success- 
fully with powers up to about twenty kilo- 
watts, and at speeds of sixty words per 
nunute. 
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In this arrangement L, and L, are two 
coupling coils connected in such a manner as 
to induce an equal and opposite voltage in 
the aerial inductance, so that under these 
conditions the aerial current is practically 
zero. Across one of these coupling coils is 
connected a single contact key and when 
this is closed obviously the coupling balance 
is upset and the energy in the primary circuit 
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all : 


Fig. 4. Another keying circuit which produces a spacing wave. 


All these high tension keys require an air 
blast across the breaks to blow out the arcs 
formed, and suffer from the disadvantage 
that contact adjustments cannot safely be 
made while the transmitter is in operation. 

The plain aerial type of self oscillator has 
little application nowadays, as the wave- 


Fig. 5. A keying method used in coupled circuit 
oscillators. 


length is too greatly affected by aerial move- 
ment, and the strength of the harmonics 
radiated is undesirable. 

The coupled circuit transmitter permits of 
another method of signalling suitable for 
medium power, which has several advantages 
over those previously described. Fig. 5 will 
make this method clear. 


is transferred to the aerial. In this method 
when the key opens the aerial load is removed 
from the primary circuit, and consequently 
the current in this circuit will increase 


considerably and in some cases may break | 


down or flash across the primary condenser. 
To avoid this trouble a resistance marked R 
in the diagram is connected as shown, and 
adjusted in value so that the primary 
current remains unchanged. In this arrange- 
ment the voltage across the break is quite 
low, so that only a small contact movement 
is necessary, making for high speed, and 
adjustments can safely be made during 
operation. This method has been used 
commercially in transmitters up to about 
twenty kilowatts input, with air-engine 
driven keys capable of well over one hundred 
words per minute, and would probably have 
been widely employed but for the advent of 
the master oscillator or independent drive 
system which renders practicable simpler and 
cheaper keying apparatus. 

Given a transmitter comprising a driving 
oscillator and a magnifier, the simplest 
signalling system is obtained by keying the 
grid resistance of the magnifier as indicated 
in Fig. 6. 

When the resistance is open circuited the 
drive oscillations, due to the rectifying 
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action of the magnifier valve, build up a high 
negative voltage on the grid of this valve, 
effectually stopping plate current from flow- 
ing. With small power sets very good results 
are obtainable with this simple method. 


DRIVE 


Fig. 6. Method suitable for small power transmitters 
using an independent drive. 


Several of the Atlantic liners are fitted 
with transmitters keyed in this manner, and 
can despatch traffic at over one hundred 
words per minute. 


A refinement on this method is to replace - 


the grid resistance by the plate to filament 
resistance of a three-electrode valve, and 
signal by varying the potential on the grid 
of this valve; see Fig. 7. 

The key for this circuit can be so light and 
the contact movement so small that extremely 
high signalling speeds are attainable. 

For sets of higher power somewhat more 
complicated arrangements’ are necessary, 
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Fig. 7. A method permitting very high signalling 
speeds. 


and one of the most practical is disclosed in 
Fig. 8. 

This method is reminiscent of the Fig. 5 
method inasmuch as the keying is done 
across one of two balanced and opposed 
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coupling coils, but in this case the coils 
couple the drive oscillatory circuit to the 
grid of the magnifier V,. A suitable negative 
bias is put on the magnifier grid, so when the 
key opens the contacts X,, and the opposed 
coupling coils come into action the plate 
current is stopped, and, of course, the 
oscillations cease. To prevent the voltage 
rise when the oscillatory load is removed, an 
absorber valve V, and a resistance R, form 
part of the keying system. The absorber 
V, has a constant negative potential applied 
to its grid through a high resistance R,, 
while a positive potential, usually generated 
by a small dynamo, can be applied through 
a second pair of contacts X, on the key. It 
will be observed that with X, closed and X, 
open the absorber has no effect on the 


Fig. 8. A modern method used in various commercial 
stations. 


circuit, but when the key opens X, and 
consequently closes X., the absorber grid 
becomes positive and plate current’ passes, 
its amount depending principally upon the 
value of the resistance R,. The resistance 
of the valve V, can be made very low in this 
way, and therefore the actual loss in the valve 
is also small, the major portion of the energy 
absorbed being dissipated in the resistance 
R,. With suitable adjustments there is no 
difficulty in keeping the smoothing condenser 
volts practically constant whether the key 
is on “ mark ” or “ space.” This method is 
used successfully at a number of long range 
high speed commercial stations, among them 
the Marconi Company’s stations at Ongar, 
Essex. © 

As previously remarked, up to the present 
almost all medium power transmitters have 
relied upon rectified alternating current for 
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the requisite high tension plate voltage, due 
to the fact that high voltage direct current 
dynamos of these powers have not been 
developed to the same degree of reliability 
as the alternator and static transformer 
combination, but in the case of large 
machines this drawback does not apply, and 
certain high power transmitters, the Marconi 
station at Carnarvon and the new Post 
Office station at Rugby among them, employ 
directly generated high tension and thus 
save the cost of the large number of rectifier 
valves that would otherwise be necessary. 
The keying of these high power sets is by 
no means an easy matter. Owing to the 
fact that the high voltage dynamos possess 
a large self inductance, and that the plate 
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to construct a key suitable for such work 
which can operate for long periods at more 
than about eighty words per minute, a 
speed considered rather low in modem 
commercial practice. 

This branch of the subject is too compli- 
cated to be more than just touched upon in 
this article, but judging from the results of 
numerous experiments one is inclined to 
doubt whether transmitters of this type can 
be keyed satisfactorily except by maintaining 
a considerable portion of the load on the 
dynamo during the “ space” periods, and 
thus nullifying the inductive voltage surges. 
This implies that instead of interrupting the 
current from the machine, means must be 
provided for diverting it from the valve 
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Fig. 9. Keying method applicable to high power transmitters. V, is the intermediate 
magnifier, Vs the main magnifier, and V, the absorbing valves. 


current of the transmitter is considerable—at 
Carnarvon, for instance,it may exceed twenty 
amperes—it will be appreciated that the 
sudden stoppage of this current will result 
in very high voltage transients which can 
easily damage the valves. For this reason 
grid keying methods are unsuitable as giving 
too sudden a reduction in the plate current. 
Keying by breaking the main plate current 
with an air blast on the key contacts is 
possible, as when the key opens a gradually 
increasing resistance, in the form of the arc 
between the contacts, 1s inserted into the 
plate circuit so that the current falls with a 
certain time lag, which can be conveniently 
adjusted by the strength of the air blast. 
Over two hundred kilowatts has been 
successfully keved like this, but it is difficult 
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anodes to some absorbing circuit without any 
break as regards the dynamo output. 

A method which satisfactorily incorporates 
this principleis set out in Fig. 9. 

Here is shown a three-stage transmitter 
consisting of an independent drive, an 
intermediate magnifier, and the final or 
main magnifier, these two latter being 
supplied from a common source of high 
tension. The signalling apparatus com- 
prises a bank of valves indicated as the 
absorber and a single contact key with 
associated sources of potential arranged so 
as to enable the absorber grids to be made 
positive or negative at will. A resistance R 
is seen to be common to the plate circuits 
of both the intermediate magnifier and the 
absorber, but not to the final magnifier plate. 
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This resistance is of such a value that the 
comparatively small plate current of the 
intermediate magnifier causes a voltage drop 
that does not prevent the required power 
being applied to this stage, so with the key 
open and the absorber grids consequently 
negative, the transmitter functions normally. 
When the absorber grids are rendered 
positive by closing the key, however, the 
intermediate magnifier is practically short 
circuited with the result that the plate 
current ceases immediately in the final 
magnifier, which it will be noted is provided 
with a fixed negative grid bias. By suitably 
proportioning the absorbing resistance and 
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the absorbing valves any desired fraction of 
the main energy can thus be dissipated as 
a “ spacing ” load, with a consequent amount 
of relief to the dynamo windings from current 
fluctuations. 

This article only deals with keying methods 
which have been used and are applicable to 
transmitters working on normal wavelengths, 
and at the present normal commercial speeds. 
The means and methods for obtaining the 
extraordinary high sending speeds possible 
with the modern short wave transmitters 
may form the subject of a future article 
when the experimental and patent work has 
been further developed. 


' Department of Scientific and Industrial 


Research. 
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Transmissions of Wireless Waves of Standard Frequencies from the 
National Physical Laboratory (Station Call Sign 5HW). 


curately known frequency have been trans- 

mitted on the recommendation of the Radio 
Research Board of the Department, from the 
W reless Station at the National Physical Laboratory, 
to provide a means of checking the calibration of 
wave metres and other apparatus. 

This transmission has consisted of eight waves 
covering a range of 360 to 60 kilocycles per second 
(833 to 5,000 metres wavelength). It is trans- 
mitted between the hours of 15.00 and 16.00 G.M.T. 
on alternate Tuesday afternoons. 

In order to increase the usefulness of this service, 
arrangements have been completed, after consul- 
tation with the Post Office and others interested, 
for the present transmissions to be greatly extended. 
The new transmissions will include 16 waves. 
These will be transmitted in two sections, each 
section being transmiited once each calendar month. 
One part will be transmitted on the first Tuesday in 
the month between 15.00 and 16.00 G.M.T., while 
the other part will be transmited on the third 
Tuesday in the month between the same hours. 

The system of the transmissions will be pro- 
visionally as follows :— 

1. An announcement will be made in morse on 
plain C.W. on a wavelength of 1,500 metres that 
a transmission of standard waves is about to take 
place. This announcement will be made at 14.55 
G.M.T. 

2. Each standard wave will be transmitted as 
follows :— 

(a) Short Wave Programme on the first Tuesday 
in each month.—The letter N followed by a num- 
ber identifying the wave. This will be repeated 
three times and will then be followed by a dash 
lasting 40 seconds. 


[Des the last three years waves of ac- 


Four such dashes will be thus transmitted, each 
preceded by the identifying letter and number. 

As far as possible the dash will begin at 20 
seconds past the appropriate minute and will 
continue to the end of minute. 

An interval of 4 minutes will elapse when the 
next wave of the series will be transmitted in 
exactly the same way. 

(b) Long Wave Programme on the third Tuesday 
in each month.—This will be transmitted in 
exactly the same way as the Short Wave pro- 
gramme, but the identifying letter will be M. 
The actual programme is set out in Tables I. 

and II. 


TABLE I. 
SHORT WAVE PROGRAMME. 
| | Fre- 
G.M.T. | Signal Transmitted. ie“ 
; | 
| ' per sec. 
ree = mi da) Ae | Š 
14.55-15.00 | Announcement in morse 200 
15.00-15.04 Ni, NI, NI, —g40 sec. dash— , 
transmitted 4 times 4900 
15.04-15.08 Silence ae sive «eŭ 
15.08-15.12 N2, N2, N2.—40 sec. dash— 
transmitted 4 times ' 840 
15.12-15.16 ' Silence... ees 
15.16-15.20 N3, etc., as above ...| 700 
15.24-15.28 N4, ,, ss as ... 580 
15.32-15.30 | N5, ,, = SE 500 
15.40-15.44 NO, ,, l 300 
15.48-15.52 N7, ,, $5 | 300 
15.56-16.00 N8, ,, „» 200 
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During the pauses dashes may be heard whilst the 
settings and adjustments of the circuits to the next 
wave of the series are being made. These dashes 
must not be taken as part of the programme. 

The announcement will consist of the general 
call-sign CQ de 5 HW repeated a few times and 
followed by the words “ Short (or long) Standard 
wave frequency transmissions, stand by.” 

On one or two months in the year in which there 
are five Tuesdays an interval of three wceks will 
elapse between the transmission on the third 
Tuesday in that month and the next succeeding 
transmission. 


TABLE II. 
LONG WAVE PROGRAMME. 


Fre- 
| quency, 
G.M.T. | Signal Transmitted. kC 
| per sec. 
I4.55-I5.00 | Announcement 200 
15.00-15.04 | M1, Mr, M1,—40 sec. ` dash— 
| transmitted 4 times | 200 
15.04-15.08 | Silence... ssi E 
15.08-15.12 | M2, etc., as above | 160 
15.16-15.20 | M3, _ ,, $ sie = II5 
15.24-15.28 | M4, „, ji ee | 86 
15.32-15.36 | Ms, ,, 5 di .. 66 
15.40-15.44 | M6, „, = ae wees 50 
15.48-15.52 | M7, ,, “ bbe ĉis 40 
15.56-16.00 | M8, „, di sus dus 30 
The frequencies transmitted will be highly 


accurate so that it will be unnecessary to transmit 
any corrections. The transmission of the actual 
frequency will therefore not take place, since the 
identifying letter and number serve this purpose. 

The aerial current will be recorded but will not 
be transmitted. Information regarding the value 
of the current on any particular occasion will be 
given on request. 

A few notes relative to the reception of these 
Waves are appended. 


Reception of Standard Waves. 


It is presumed that the instrument under cali- 
bration by means of the waves is a self-generating 
valve oscillator of smoothly variable frequency. It 
is further essential that a tunable receiving set 
with detecting arrangements and headphones 
should be used in conjunction with the heterodyne 
source. The most accurate means of calibration is 
to set the heterodyne source until the beat tone 
heard between it and the incoming standard wave 
has a pitch equal to that of a small tuning-fork of 
known pitch. This will be unnecessary in the 
higher frequency waves but in the case of the longer 
waves the belt of frequency within which no beat 
tone is heard will represent more than one part in 
a thousand, whereas by using a definite beat tone 
of, say, 1,000 cycles per second the sensitivity of 
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the receiving set will be high and the accuracy of 
setting will be much greater than can be read on 
the heterodyne unless it is of exceptional construc- 
tion. 

The frequency of the beat tone must, of course, 
be added to or subtracted from, that of the standard 
wave frequency according to which side the hetero- 
dyne source has been set. It is convenient to set 
the heterodyne first higher and then lower than the 
incoming wave using the tuning fork to obtain 
equality of pitch on the two sides. The frequency 
of the tuning fork need not then be known. The 
mean of the two readings on the heterodyne con- 
denser corresponds exactly to the transmitted 
frequency.* 

An examination of the frequencies included in 
the transmissions will reveal the fact that, except 
for a few frequencies far apart, they are not exact 
multiples of one another. 

On this account it is possible to obtain calibrating 
frequencies intermediate between those actually 
transmitted. Thus on the long wave programme 
the heterodyne could be set at a frequency of 


”33kC. per sec. when the standard wave of 66kC. 


per second was under transmission. The second 
harmonic of the heterodyne at 66kC. per sec. 
will give a well defined beat with the standard wave 
of 66kC per sec. 


The following intermediate frequencies can all 
be obtained in this manner without difficulty :— 


Second Harmonics—33, 43, 57-5, ŜO, 100, 130, 150, 
180, 250, 290, 350, 420, 480. 

Third Harmontcs—384, 534, 668, 863, 100, 120, 
166%, 2334, 280, 320. 

Further harmonics of the heterodyne source can 
be utilised, if desired, but the above series, together 
with the fundamental frequencies transmitted, 
enable nearly 50 calibration points to be obtained 
over the range of 10,000 to 320 metres covered by 
the transmissions. 

Shorter wave heterodyne oscillators can, of 
course, be calibrated by the harmonics of an inter- 
mediate wave oscillator itself calibrated from the 
short standard waves. The length of the dashes 
and their number should enable the double adjust- 
ment to be made, first of the intermediate wave 
oscillator to the standard wave, and then of the 
short wave oscillator to the harmonic of the inter- 
mediate wave source. If this 1s done on one oc- 
casion no responsibility of constancy of frequency 
will rest upon the intermediate wave source. 

The transmissions here announced will commence 
on 7th September with the short wave programme 
and will thereafter follow the sequence given. 


17th August, 1926. 


16, Old Queen Street, 
Westminster, S.W.1. 


* This assumes that over the range of condenser 
used there is a linear relation between capacity and 
frequency. If any other relation holds a small 
correction will be necessary to obtain the highest 
accuracy. 
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Radio-Wien.. 


The New High-power Vienna Broadcasting Station.* 


By Prof. G. W. O. Howe, D.Sc. 


HE new broadcasting station at Vienna, 

| which had been under construction for 
about a year, was formally opened on 
30th January last. The importance attached 
to the occasion by the Telefunken Company, 
to whom the Austrian Company had awarded 
the contract for the complete station, is 
shown by the galaxy of well-known German 
radio engineers who were present at the 
function ; these included Count Arco, Dr. 
Schapira, Dr. Rukop, Dr. Meissner, Dr. K. W. 


The station buildings. 


Fig. 1. 


[R616:5 


Wagner in addition to Dr. Bredow, who is the 
German Secretary of State, equivalent to our 
Postmaster-General. 

The station is erected over the old reser- 
voirs on a hill (Rosenhiigel) to the south of 
the city; the studio is in the city itself. 
The power is about ten times that of the old 


Fig. 2. 


Plan of aerial. 


transmitter ; for telegraphy the power sup- 
plied to the aerial on a long dash is 20kW, but 
for telephony this.is reduced to about 7kW 
when not being modulated. The masts and 
buildings are actually erected over the arches 
and pillars of the reservoirs, as shown in 
Figs. 2 and 3. The site is considered to be 
a very favourable one. The three square 


* From the information published in Telefunken 
Zeitung, Jan., 1926, and Elektrotechnik & Maschinen- 
bau, 7th Feb., 1926, and from data kindly supplied 
by the Telefunken Co. 
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steel lattice masts “85 metres high and of 
4 ft. 7 in. side, are situated at the corners of 
an equilateral triangle of 120 metres side; 
each mast weighs 50 tons and is supported 
by three sets each of three stays; they 
are insulated from the earth by means of 
porcelain insulators. 

The station building is of one storey, 
18x18x4 metres, and is connected by a 
specia! cable with the studio in the city. [ 


dp p AN ; 
The flat triangular aerial (Fig. 2) of | LZ 
stranded phosphor bronze wire has a 6-wire i : j 
sausage-type down lead to the buildings | J, 


which are situated symmetrica'ly below the 
aerial. The earth-screen or counterpoise 
(Fig. 3) consists of a large number of radial 
wires carried by 12 posts at a height of 8 
metres. The aerial capacity is about 1,500 
cms., and its natural wavelength about 
500 metres. It is tuned to the desired 
working frequency by a set of shortening 
condensers operated by a multiple contact 
switch (10)* and more accurately bv a vario- 
meter; the aerial also contains the secondary 


WZ 


LO 


ee ———— —— imi zi? 


* These numbers in brackets refer to the various 
items in Fig. 6. 


Fig. 4. Schematic view of aerial and counterpoise. 
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Fig. 5. General view of transmitter. 
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Fig. 6. Connections of the transmitter. The numbers in brackets are explained in the list at 
the foot of the next page. 
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coil of the coupling transformer (11) and the 
aerial ammeter (15). 

The transmitting wavelength can be varied 
between 450 and g00 metres, but is normally 
582.5 metres. 

The power supply is 50 cycle 3-phase at 
220 volts; it passes through an auto- 
transformer (4) with multiple tappings to 
the mesh-connected primary of the main 
transformer (1) the secondary of which has 
six windings, each giving 8,800 volts and 
each connected to the anode of one of the 
six rectifying valves. The filaments of these 
rectifying valves (2) are heated with alter- 
nating current from the step-down trans- 
former (3), each filament taking 16 amperes 
at 32 volts and giving a total electron emis- 
sion of about 3 amperes. The rectifying 
valves (Fig. 7) are the Telefunken Type 
RG61, suitable for continuous voltages up 
to 20,000, but in the present case the anode 
voltage is only 10,000. The total direct 
current power required is about 28 kilowatts, 
t.e., 2.8 amperes at 10,000 volts, so that the 
average current per rectifier is only 0.47 
ampere ; the.emission current of 3 amperes 
is necessarily much greater than this because 
each valve only passes current during a 
fraction of the cycle. By means of the tapped 
auto-transformer the voltage supplied to the 
main transformer can be reduced from 220 
down to go volts. 

The two smoothing condensers (5) are paper 


condensers of 4uF each and the smoothing 


choke coil of 14 henries has an open iron 
core to prevent the continuous current from 
magnetising it too strongly and thus re- 
ducing its inductance to the ripple frequency. 

The oscillations are produced by the 
valve (6) and the circuit (7), the main power 
valves (8) acting as amplifiers with a tuned 
anode circuit (9) to which the aerial is coupled 
by the transformer (11). The amplified 
speech current received from the studio acts 
through the transformer (13) on the modula- 
ting valve (12) which varies the potential of 
the grids of the main power valves, and thus 
modifies their power to amplify the output 
of the oscillating valve (6). Nu 
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The oscillation generator is a IkW valve 
for 10,000 volts, Telefunken type RS47 
(Fig. 8) requiring a filament current of 8 
amperes at 16 volts. 

The method of back coupling is clearly 
shown in Fig. 6. To vary the wave- 
length the 
condenser can 
be varied in 
“six steps, and 
the induct- 
ance can be 
varied con- 
tinuously by 
means of a 
variometer 
with a range 
from 15,000 to 
80,000 cms., 
the fixed 
inductance 
being 160,000 
cms. (I micro- 
henry = 1,000 
cms. ). 


Fig. 7. Fig. 8. 
The rectifying valve 
RG61. tor valve RS47. 


Explanatory details to transmitter connections given in Fig.6: (1) Main transformer, (2) Rectifiers, 
(3) Filament heating transformers, (4) Tapped auto-transformer for varying the power, (5) Smoothing 
condensers, (6) Oscillator valve, (7) Oscillator valve circuit, (8) Main power valves, (9) Circuit of power 
valves (intermediate circuit), (10), Antenna shortening condenser, (11) Antenna coupling transformer, 
(12) Modulating valve, (13) Modulating transformer, (14) Valve filament heating battery, (15) Aerial 


ammeter, (16) Toroidal inductance. 


The oscillation genera- 


1 ‘ 
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Fig. 9. 


The power valves are the Telefunken 
Type RS204, with water-cooled copper 
anodes (Fig. 9); the grid connection being 
brought out through the side of the glass 
cap of the valve. Each valve takes a fila- 
ment current of 2.5 amperes at 35 volts and 
gives an emission of about 6 amperes. 
When giving an output of 1okW the valve 
has an efficiency of about 75 per cent., ex- 
cluding the filament power. Two valves 
operate normaly in parallel. It is to be 
noted that the power required for heating 
the filaments of the osci lation generating and 
main power valves, is obtained from accumu- 
lators, two 40 volt batteries of 1,000 ampere 
hours capacity. being provided for the pur- 
pose, one being in use while the other is being 
charged ; either is sufficient for 15 hours 
service, whereas the charging dynamo can 
recharge it in five hours. 

The capacity of the anode circuit consists 
of a number of Dubilier mica condensers 
Which can be switched in and out to vary 
the wavelength, the intermediate adjustment 
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Water-cooled power valve RS204. 


being made by means of a variometer. The 
main inductance takes the form of a toroidal 
coil (16) with an outer diameter of 40 cms., 
an inner diameter of 20 cms., and a length of 


-100 


Va 


Fig. 10. Curve showing the relation between the aerial 
current and the grid voltage of the modulating valve. 


14 cms., wound with multip!e stranded wire 
(Litzendraht) and having an inductance of 
70,000 cms. The variometer inductance can 
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be varied from 15,000 to 80,000 cms. ; the 
inductance of the primary (outer fixed por- 
tion) of the variometer type of aerial coupling 
transformer is 30,000cms. The kilovolt 
amperes of this circuit vary from go at the 
shortest wave to 130 at the longest. 


Fig. 11. Modulating valve RV24. 


As we have already pointed out, the oscil- 
lation generator is unaffected by the modula- 
tion and delivers an effective high frequency 
P.D. of 600 volts to the grids of the power 
valves through a b'ocking condenser. The 
modulation valve (12) acts as a variable 
leak to these grids. In the absence of 
speech the grid of the valve (12) is adjusted 
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by means of the potentia! divider so that the 
valve offers such a resistance that the aerial 
current is about 0.6 of its telegraphic long 
dash value. If no grid-leak were present, 
the grids of the main valves would quickly 
become negatively charged owing to the 


TIE e 
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Fig. 12. Back view of panel for control of main 


anode and aerial currents. 


electrons attracted to them whenever they 
were positive, and this negative charge would 
reduce the aerial current to about 1.5 per 
cent. of its normal value. This is an extreme 
case but any increase in the resistance of 
the modulating va've acts in this direction 
and reduces the aerial current. On the other 
hand, any decrease in the resistance makes 
the grids less negative and increases the 
aerial current. The relation between the 
aerial current and the grid voltage of the 
modulating valve is shown in Fig. 10; if 
the speech current momentarily lowers the 
grid potential to —100 volts, the resistance 
of the modulating valve becomes so high that 
the aerial current falls to a very low value, 
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whereas if the speech current makes the grid 
potential --50 volts the aerial current reaches 
its maximum value. Asa matter of fact the 
modulation is only allowed to vary the aerial 


“kj ano 


= Ed 


Fig. 13. 


current between about 0.4 and 0.8 of its 
maximum possible value, corresponding to 
a variation of +35 per cent. from its mean 
va'ue, as any greater modulation causes 


INPUT 


> 
SHUNT 
i 
i 
i 


Fig. 14. Connections of the 
defective quality. The modulation range is 
indicated by the dotted lines in Fig. Io. 

Two valves in parallel are actually em- 


ployed for modulation ; they are Telefunken 
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Type RV24 amplifier valves of low amplifi- 
cation factor, that is with open grids, which 
allow considerable anode current to pass at 
zero grid voltage. A valve of this type is 


Three-stage microphone amplifier. 


shown in Fig. II; the filaments are heated 
from one of two special 16-volt batteries. 
Fig. 5 shows the control switchboard. The 
left hand panel controls the rectifiers, trans- 


3-stage microphone amplifier. 


formers, etc.; the six rectifier valves can be 
seen above the panel which carries a supply 
voltmeter, an H.T. anode voltmeter, the anode 
ammeter, a hand-wheel controlling the 
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Fig. 15. 


tapping switch from the auto-transformer and | 


the supply switches which are automatically 
opened on opening the doors behind the 
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Fig. 16. Connections of the additional 4th stage 


amplifier. 


switchboard. The second panel is for the 
control of the cooling water, the third for the 
oscillation generator and main power valves, 
and that on the right for the intermediate or 
main valve anode circuit and the aerial 
control. Fig. 12 shows a back view of the 
latter panel. 
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Additional 4th stage amplifier. 


Adjoining the studio in Vienna are the 
necessary rooms for the amplifiers, batteries, 
and auxiliary machines for battery charging. 


The apparatus comprises :— 


1. The microphone. 
2. (a) Three-stage amplifier. 


(b) Single-stage additional amplifier, 
both being resistance coup'ed. 


3. Amplifier modulation meter 
4. Transmitter modulation meter. 


The three-stage amplifier' has BO valves, 
it is shown in Fig. 13 and the connections 
can be seen from Fig. 14. The single-stage 
additional amplifier which follows the former 
has an RV24 valve, it is shown in Fig. 15 
and its connections in Fig. 16. 

The modulation meter shown in Figs. 17 
and 18 enables the adjustment of the amplifier 
to be controlled so that the correct strength 
of speech current is sent through the cab'e 
to the transmitting station. It is really a 
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Fig. 17. 


kind of valve voltmeter. The other modula- 
_ tion meter shown in Figs. 19 and 21 is also 
in the amp‘ifier room at the studio, but is 
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Fig. 18. Connections of the amplifier 


modulation meter. 


operated by currents transmitted through 
the cable from the transmitting station. 
It enab!es a watch to be kept on the modu'a- 
tion of the aerial current. The current, 
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Amplifier modulation meter. 


induced from the aerial circuit in a suitably 
placed coupling coil, is rectified in the full 
wave rectifier shown in Figs. 20 and 22 which 
is at the transmitting station ; the rectified 
currents are then taken through the cable to 
the modulation meter in the studio. 

. Special care has been devoted to the cable 
Which connects the transmitter with the 
studio in Vienna. The length of this cable is 
about six miles, but further connections with 
the opera house and concert halls are to be 
installed. The cable has 12 conductors of 
0.8mm. diameter and 8 conductors of 
1.03 mm. diameter. The former constitute 
six metallic signal circuits arranged. as three 
groups each of 4 conductors; the latter 
constitute four metallic speech circuits. 
They are all paper insulated alr space cores 
and the separate speech circuits are wound. 
with aluminium foil with bare copper wire 
wound over. The complete cab!e core has 
a diameter of 18 mm., the overall diameter 
of the hoop-iron armoured and asphalted 
cable is 32mm. The speech circuits have a 
resistance of 40 ohms per kilometre and a 
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Fig. 19. Transmisston-modulation meter. 
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Fig. 20. Full wave rectifier operating transmission-modulation meter. 
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capacity of 0.034uF per kilometre; they 
are slightly loaded by means of Pupin coils 
and the capacities have been carefully 
balanced to a high degree of accuracv. This 
has given an improved quality of trans- 
mission. There are five loading points in the 


INPUT 


ZI 


Fig. 21. Connections of the ` transmission- 
modulation meter. 


length of 9.8 kilometres and the inductance 
of the coils is 0.016 henry. As the result of 
thisloading the damping constant £l increases 
almost linearly from 0.3 for w= 3,000 to 0.4 
for w=25,000. Beyond w=62,000 the damp- 
ing increases very rapidly. The characteris- 


———— —————— e -a 
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tic impedance of the cable is practically con- 
stant at 570 ohms between w=5,000 and 
w=25,000. The amplifiers give a s'ightlv 
higher amplification on the higher frequencies, 
thus counteracting the slight increase of 
damping in the cable. The cable is protected 
from external inductive influence by the 


COUPLING COIL 


Connections of the full wave 
rectifier. 


Fig. 22. 


metallic wrappings around the circuits and 
by the six bare copper wires which are in 
parallel with the lead covering. The cabie 
was designed and supplied by Messrs. 
Siemens & Ha'ske and the Austrian Siemens- 
Schuckert Co. 


The Rugby Radio Station. 


nessy, M.I.E.E., on the Rugby Radio 
Station before the Radio Society of 
Great Britain on 23rd June, 1926, is not 
reported in E.W. & W.E., by arrangement 
with the author and the Radio Society of 
Great Britain. 
The lecture was, as the author announced 


Te lecture given by Mr. E. H. Shaugh- 


at its commencement, a resume of his paper 
read before the Institution of Electrical 
Engineers. The Institution Paper was ab- 
stracted fully in the issue of E.W. 6 W.E. for 
May, 1926, whilst the illustrations reproduced 
there are substantially the same as the pic- 
tures exhibited by Mr. Shaughnessy by means 
of lantern slides before the Radio Society. 
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An Ammeter Panel. 
Using an Ammeter for Several Purposes. 


By E. C. Atkinson. 


[R251 


This note describes a pane! for ammeter arranged for full-scale readings of 3, 0.6 and 0.024 amperes as 


well as of 3 and 12 volts. 


The charging current for the accumulator is shown on one scale, whilst 


flament current up to 0.6A is shown on another without change of connections. 


for more than one purpose have 

recently been described in this journal. 
The writer needed an ammeter for measuring 
filament currents up to 0.56A and a charging 
current of 2A. A moving-coil instrument 
with full-scale reading of 24mA was selected 
together with suitable shunts. 

Negative leads to filaments and charger 
are ĉonnected direct to the battery, and 
positive terminals are joined to ammeter 
and shunts as shown in Fig. 1 (a). 


Me more for using a single instrument 


+ to 
8; So 
D 
WU bE ULM IVEY 
(a) (b) 


Fig. 1. 


When charging, the accumulator S, is in 
series with the ammeter whilst S, is shunted 
across them. When the battery is being 
discharged through the filaments S, becomes 
the shunt across ammeter and S, in series. 

With suitable resistances for S, and S, 
it is thus possible to charge and discharge 
without alteration of circuits and to secure, 
for full-scale reading on the instrument, 3A in 
the first case and 0.6 in the second. 

The resistances consist of the shunts 
supplied by the makers for use in the ordinarv 
way, increased in each case by 0.0011 ohm. 

The ammeter is mounted on a panel as 
shown in Fig. 1(b), connections to outside 
circuits being made by plugging into holes 
A BC and D. When the gaps I and 4 are 


bridged by plugs, such as are used in resistance 
boxes, it will be seen that the connections 
are as in Fig. 1 (a). 

A is connected to different terminals of 
the accumulator by a wander plug. When 
the plug in gap I is moved to 2 the instrument 
records voltage with full-scale reading of 3V. 
Using gap 3 the corresponding value is 12V. 
Meanwhile the filament current is passed 
by Ss. 

Further, if battery and filament plugs are 
removed from the panel and connected 
together, the instrument is available for 
measuring currents in other circuits. When 
the plug is removed from gap 4, full-scale 
reading represents 24mA and anode currents 
can. be observed. 

It will be seen that the instrument is not 
sufficiently sensitive for accurate measure- 
ments of these currents in an ordinary 
receiving valve, but the saturation current 
can satisfactorily be measured and assistance 
is afforded for setting on a suitable point of 
the ‘characteristic by adjusting H.T. voltage. 

On the other hand, the saturation current 
of a power valve may exceed 24mA, and the 
instrument is suitable for reading the anode 
currents passed by such a valve in use. 
Observations of the movements of the needle 
during loud-speaker reception afford a useful 
means of adjusting grid and anode voltages 
so as to secure the best results. 

The various ranges and the corresponding 
arrangements of terminals and plugs are 
shown in the following table. 


Range. | Terminals. | Plugs. 


Use. 
Ammeter 24mA B—C | I 
o.6A ' C—D I—4 
sd 3A i B—D I—4 
Voltmeter 3V | A—D | 2—4 
a 12V A—D 
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The Amplification and Selectivity of a 
-~ Neutralised Tuned Anode Circuit. 


By N. W. McLachlan, D.Sc., M.I.E.E. 


Prelimi i 

N view of the favour which the neutro- 
ES principle has found in the design 

of modern receivers, it may be of interest 
to consider some of the features associated 
with the magnification and selectivity of the 
arrangement. The simplest way is to deal 
with a tuned anode. The treatment also 
covers the case of I to I transformer coup- 
ling with tuned grid, provided the leakage 
between primary and secondary is small. 
It often happens that the ratio exceeds unity 
and in some instances the H.T. is fed to the 
coil at a tapping point between the extremi- 
ties. Fora given magnification the selectivity 


Showing the ordinary 


un-neutralised tuned 
anode. 


Fig. 2. 


Showing the circuit 
equivalent to Fig. 1. 


can be enhanced in this way. These cases 
require modified treatment and are not 
included here. ; 

Let us glance at the circuit illustrated in 
Fig. 1. It is so familiar and is likely to be a 
bit of past history soon. The arrangement 
in question is the “ tuned anode.” There is 
no attempt at neutralisation of the valve 
capacity. This capacitative attribute is used 
to attain enhanced sensitivity and selectivity 
at the expense of stability. Now the 
sensitivity arises from an inherent tendency 
to oscillation possessed by the system. It 


[R161 & R162 


increases with augmented aerial and anode 
inductances and with reduced resistances of 
same. Assuming the resistance of the grid- 
leak to the succeeding valve to be large in 
comparison with the impedances of the other 
components, its effect as a damper across the 
valve can be neglected. Moreover, the 
circuit may be redrawn, as shown in Fig. 2, 
where the condenser C, between the grid 
and the filament negative is assumed to 
represent the equivalent aerial capacity and 
the small condenser C, is the valve capacity. 
The H.T. and L.T. batteries have been omitted. 

It is quite easy to see that any potential 
variations between the grid and filament are 
transmitted to the anode by C,. Further- 
more, if the tuning adjustments are correct, 
thereby giving the proper phasing, and the 
inductances are ample, the system will be 
regenerative and oscillation will ensue. 
There is clearly an art in the design of a 
circuit of this nature to get smooth operation, 
so that tuning is not beset by a series of 
“flops” into oscillation as the condensers 
are rotated. This tendency is curbed by 
the aerial damping, but for the set to run 
serenely into oscillation requires certain 
modification if a band of wavelengths is to 
be covered. ; 

Perhaps it may be of interest if this circuit 
is compared with one well known for short- 
wave oscillation. As a 
matter of fact, quite 
satisfactory oscilla- 
tion can be got witha 
circuit of this natureat 
long wavelengths. This 
is well known when 
a cascaded amplifier 
oscillates. The oscilla- 
tions are then certainly 
“unsatisfactory.” 
The cireuit in question 
is indicated in Fig. 3 
where C, represents 
valve capacity plus 


rig. 3. <A 
Short wave circuit for 


well-known 


generating oscillations. 
The circuit ıs identical 
with Fig. 2 if Cg is large 
and if C, and C, are 
omitted from the latter 


figure. 
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added capacity to vary the wavelength. 
In Fig. 4 is shown two arrangements of the 
same circuit. Diagram (a) shows C, short- 
circuited, z.e., C, is infinity. This arrange- 
ment would work if the H.T. battery did not 
polarise the grid and render the valve hors 
de combat. The condenser C, of Fig. 3 serves 
the purpose, therefore, of preventing the 
H.T. getting on the grid and causing satura- 
tion of the valve. When C, is large enough, 
it acts as a by-pass condenser on the H.T. 
battery. It can, of course, be made variable 
to obtain accurate tuning when C, is small 
in comparison. So far as preserving the 


grid from polarisation is concerned, it is 
possible to insert a condenser, as shown in 
(b). This, however, completely isolates the 
grid and is useless. We are therefore 
brought 


Fig. 3. 


back on the arrangement of 


(a) (b) 


Fig. 4. Showing (a) Fig. 3 with C, infinite ` 
and (b) a condenser Cg to prevent polarisation 
of the grid by the H.T. battery. 


Reverting to our original tuned anode 
circuit, if we incorporate the H.T. battery 
with a shunting condenser, the result is 
depicted in Fig. 5 (a). Then by adding 
condensers across the coils of Fig. 3 we get 
Fig. 5 (b) which is identical with Fig. 5 (a). 
Put in another way, if we imagine the con- 
densers C, C, of Fig. 5 (a) gradually to 
decrease to zero the circuit ultimately resolves 
itself into Fig. 3. 


Magnification with Neutralised Tuned Anode. 


The next aspect of our subject is related to 
the magnification obtainable from a tuned 
anode. Where neutralisation of the valve 
capacity is not effected, the magnification 
depends upon so many conditions which vary 
from receiver to receiver that a computation 
would be unsatisfactory. On the other hand 
if we assume complete neutralisation of the 
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valve capacity and that there are no ex- 
traneous influences, e.g., direct pick up on 
the anode coil, interaction between the coil 
and the remainder of the circuit, stray 
capacities, etc., the problem resolves itself 
into one capable of computation. In Fig.. 
6(b), we have the usual tuned anode followed 
by some form of coupling to the next valve 


(a) (b) 
Fig. 5. Illustrating the similarity of circuits 
of Figs. 2 and 3. 


which may or may not be a detector. If the 
resistance of the grid-leak be large enough 
compared with the valve resistance, it can 
be neglected. The simplified equivalent 
circuit is shown in Fig. 6 (c). Here A 
represents an alternator whose voltage is 
equal to the E.M.F. between grid and filament 
multiplied by the magnification factor of the 
valve. The tuned anode is connected in 
series with the alternator and witha resistance 
p equal to the internal resistance of the 
valve. Obviously the voltage across C 
cannot exceed that of the alternator (e). 
Actually it is always less than e due to the 
ohmic drop down p, t.e., due to the internal 
resistance of the valve. The voltage across 
C (Fig. 6 (c)) is applied to the grid and 
filament of the next valve without reduction 
provided the coupling condenser C, of Fig. 
6 (b) is free from loss and its impedance is 
small compared with the grid-leak y”,. 
Assuming this to hold good, as it ought in a 
properly designed set, the voltage across 
C is given by the quantity e x vector sum of 
impedance of p and of LCR. Taking the 
tuned circuit first, there are two branches in 
parallel and if we get the admittance of each 
and add, the reciprocal of the sum will be 
the combined impedance. 
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Admittance of inductive branch is 
1/R+jwL where j=\/—1 and w=zmf. 
Admittance of condenser branch is jwC. 
Adding these two quantities we get 


Admittance= (1/R+jwL) + jwC .. (1) 
= E-HjoCR—o?LC 


R +jwLl 


(2) 


(a) 
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This formula shows that the tuned circuit at 
resonance is equivalent to a condenser of 
capacity C in series with a resistance L/CR 
as depicted in Fig. 7 (a). In Fig 7 (b) is 
shown the vector diagram for the circuit of 
Fig. 7 (a). At the radio frequencies which 
obtain in Broadcasting, I/wC is usually small 
compared with L/CR, so that for all practical 
purposes, unless a really bad coil is used, the 
impedance of the tuned circuit at resonance 
can be regarded as that of an inductionless 
resistance of value L/CR. The condition 


(b) 


Fig. 6. 


(a) Showing transformer coupling with neutralising condenser. 
(b) Neutralised tuned anode with condenser resistance cou pling to next valve. 
(c) Circuit equivalent to anode circuit of first valve in (a) or (b) where p represents the 


internal resistance of the valve. 


Hence Impedance= 1/Admittance 
A+ jwCR T iŭ 
Now at resonance wLC=Iorw?LC—I=o; 
hence A=o. 


Thus at resonance the impedance is given 


by R ae _ -i ki 
wack T I [jw + CR -- (4) 
c à ‘hse (NEGLIGIBLE) 
p L -- — CURRENT f 
JCR (Pe Ler) 1 
e 
A (b) 


(a) 


Fig.7. Showing that at resonance the tuned anode 
combination is equivalent to a condenser C in series 
with an inductionless resistance L/CR, the whole 
being in series with E.M.F., e and valve resistance p. 


w?LC=1 signifies resonance of the tuned 
circuit, but as we have seen, the equivalent 
circuit is a condenser of capacity C in series 
with a resistance L/CR. Now it is possible 
to adjust the value of the condenser so that 
the circuit acts purely as a non-inductive 
resistance. To obtain this condition it is 
necessary to equate the reactance to zero. 
By rationalising the denominator of equation 


(3) we get 


l= Iwc R? -» (5) 


so that for zero reactance (unity power 
factor) 


AL—CR!=o 
(1—w*LC)L=C R? 
or wth C=1— EE . 6 


At resonance w2LC=I, so that for zero 
reactance the value of w?ZC is decreased by 
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= Taking C =150ppF, R=7 ohms, 
L= 250uH, we get 


—12 

CR2/L 152% IO o 

250 IO 
Thus the variation is only three parts in one 
hundred thousand and can therefore be 
neglected. So far as varving the condenser 
C is concerned, to come into tune with an 
incoming signal of definite wavelength (w 
fixed) we have at resonance 

w?LC=I or C=1/w?L, 
and for zero reactance 


=3XIO3 


I 
= eL -LRI]L 

Since R2/L is small compared with w?L 
it can be neglected, so that C= 1/w?:L and 
the variation in .C at resonance and at 
zero reactance is beyond the limit of practical 
consideration at wavelengths of 300 to 500 
metres. 

Applying our previous formula to find the 
voltage across the tuned circuit at resonance 
(LICR =a res.) we have 


I 
MOR” SE 5.5 
CR? 
[ I 
=e Cre | 
Ir 
or effective magnification per stage 
(Me m ) 
eT ci ' 
L 


where m is the magnification factor of the 
valve. 

Having obtained this simple formula (7), 
the next step is to discover how the effective 
magnification per stage with a given coil varies 
with the wavelength of the tuned circuit. 
Assume that over a band of wavelengths 
from 300 to 500 metres the ratio L/R is 
sensibly constant and that R=7 ohms, L= 
250 microhenries, m=7, p= 22,000 (D.E.3 
valve). The only variable is the capacity C 
which includes the self-capacity of the coil. 
By giving C different values the results in 
Table I. were computed using (7). 

The results are shown pictorially in Fig. 8 
from which it is clear that the amplification 
decreases with increase in capacity provided 
R/L remains constant. At the lower wave- 
lengths R will increase so that the actual 
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TABLE I. 


Showing valve magnification with tuned anode 
and complete valve capacity neutralisation at 
‘various wavelengths using a D.E.3. 


Effective ! mi 1 q- 
ffective | % valve 


etos | E valve ' ma 
A E E E a E 
| 
300 | I00 | 6.56 0.94 
367 | 150 | 6.41 0.gI 
424 ; 200 6.23 0.89 
475 250 6.09 0.87 
520 300 5.95 0.85 
| 


curve will tend to follow the dotted line. 
In an H.F. neutrodyne amplifier, emploving 
tuned anodes, the magnification would be 
expected to fall off with increase in wave- 
length and this actually occurs in practice. 

The next point to which attention may be 
directed is the influence of the size ot the 
condenser. at some specified wavelength. 
Suppose we choose 367 metres, which is 
somewhere in the vicinity of 2LO, and 
assume the ratio R/L for the various coils 
is constant for various inductances, the 
E te formula (5) is 


EO Se 
y „CR; mo I--6XI105C 


since p and a are unaltered. Giving C 
the same values as before and altering the 
inductance to preserve a wavelength of 


2L0 5NO 51T 6BD 


ae 
aj 
300 
100 


EFFECTIVE VALVE MAGNIFICATION 


| 400 | 
150 200 250 300 


| 500 


CAPACITY ACROSS INDUCTANCE 


IN mmfds 


Fig. 8. Showing decrease in magnification with 

increase in wavelenglh (due to increase in capacity of 

anode tuning condenser). Calculated for D.E.3 valve 
for which m=7 and p= 22,000 ohms. 


THE WIRELESS ENGINEER 


367 metres we get a curve identical with that 
of Fig. 8. To avoid confusion this has been 
redrawn in Fig. 9 and extra points added 
to include larger capacities. It will be 
obvious that with a given valve when the 
wavelength is fixed and the ratio R/L 
constant, the magnification decreases with 
increase in the capacity across the coil. Thus 
for sensitivity a small condenser and a large 
inductance is required, especially if there are 
several valves in cascade. Taking a con- 
denser of 700uuF, i.e., 0.0007wUF, the per- 
centage of the possible magnification is 
about 70. With three of these in cascade it 
would be I00 x (0.7) = I00 X 0.34 = 34 
per cent. Hence the voltage to the grid of 
the power valve would be reduced to 1/3, and 
the intensity from a loud speaker to 1/9. 
Put in another way, if the signals in a pair 
of phones were inaudible they might become 
audible when increased nine times by using 
anode tuning condensers of smaller capacity. 

We come now to the influence of the resis- 
tance of the coil or more generally to the 
effect of varying the ratio R/L. The curves 


oes. Tyee | | {| | | | I | 
p 
SERO oo] 
NLL uua 


97 MAGNIFICATION -+ 
Sec) T eae ee 
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~ 
= 
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an 


l EE 
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100 300 500 700 900 1100 1300 
CAPACITY ACROSS INDUCTANCE 
IN mmfds 


Fig.9. Showing decrease in magnification with 

increase in capacity at a given wavelength, the 

inductance being gradually reduced as the condenser 
is increased (D.E.3 valve). 


> 


of Fig. 8 were based on a resistance of 7 ohms 
with an inductance of 250 microhenries. Now 
let us take a wavelength of 367 metres and 
vary the resistance of the coil whilst pre- 
serving a constant inductance. The per- 
centage magnification is given by 


150 X 10712 X 22,000 R` 
roof x-+ = 250XI0O ) 
= I00/(I +1.32 X IO~?R) 
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The various values associated with the 
problem are given in Table II. 

There is no need to plot these figures. They 
show clearly that to get as large a percentage 
of the “m” value out of the valve, the re- 
sistance should be as small as possible. So 
long, however, as the resistance is not too 


TABLE II. 
A = 367 metres, L = 250 microhenries, C = I50uuF. 


— 


R A Effective valve © 
ohms. magnification. magnification. 
3 Q.96 6.7 
5 | 0.94 6.6 
7 0.92 6.4 
9 0.89 6.2 
II | 0.87 6.1 
15 0.84 5.9 
19 | 0.8 5.6 


large the magnification does not fall off very 
much, except of course in a cascade system, 
where the resistance should be kept down. 
Lastly there is the valve resistance p. 
This would be a very simple issue provided 
the “m” value were constant for different 
resistances. But as is well known, when 
“m” increases p usually increases too. 
There are, however, a number of valves of 
different classes in which the variation in 
‘“m ” is relatively small compared with that 
of p. For instance, for a D.E.3, m = 7 and 
= 22,000, whilst for a D.E.8 L.F. m = 7, 
whilst p = 8,000. If in the preceding 
examples a D. E.8 had been used instead of 
a D.E.3 the lower resistance would have 
enabled the same magnification to be obtained 
with larger condensers and larger coil re- 
sistances. But as there is no particular 
point in using large condensers and re- 
sistances, and since the magnification is 
tolerably good already, there would not be 
much gained in using D.E.8 valves of 8,000 
ohms internal resistance. In fact there 
would be a loss of 0.06 amp filament current 
per valve and an extra 2 volts needed. 
Going to the other side of the question, 
suppose the D.E.3 is replaced by a D.E.3B, 
m is now 17 and p = 50,000. Taking our 
original coil at 367 metres, we find that the 


* This p value is specified by the makers, but 
they are on the low side. The actual value is 
more nearly 14,000. (See Wereless World, 6th 


January, 1926.) 
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percentage magnification is 83 and the valve 
magnification 14. These compare very 
favourably with the corresponding values 
QI per cent. and 6.4 for a D.E.3. In fact 
the magnification is doubled, provided of 
course the D.E.3B is not defective and 
an adequate H.T. is used. This raises 
the question of using D.E.,3B valves. 
There is no reason why they should not be 
incorporated in an H.F. amplifier, but the 
H.T. will have to be greater than that for a 
D.E.3, and to avoid damping, it is advisable 
to put a little bias on 
the grid. The bias 
should be sufficient 
to avoid grid current 
when strong jamming 
is prevalent. With a 
high resistance valve 
the influence of a large 
condenser or a large 
coil resistance is quite 
marked. Usinga D.E 3, 
a coil resistance of 15 
ohms gives a percen- 
tage magnification of 
84, whilst with a 
D.E.3B the value is 69 
per cent, but the 
actual magnification 
is 12. Moreover for 
efficient amplification 
with a high resistance 
valve particular care 
must be exercised to 
keep C and Ras small 
as practicable. 

We have examined 
the influence of capa- 
city, inductance, coil resistance and valve 
resistance on the amplification of a neu- 
tralised tuned anode circuit. It now remains 
to be seen what effect these variable com- 
ponents have upon the selectivity of the 
arrangement. 


EFFECTIVE MAGNIFICATION PER STAGE 


20000 


Fig. 10a. 


Selectivity of the Neutralised Tuned Anode. 


To arrive at a solution of this problem we 
must invoke the aid of a little more mathe- 
matical analysis. The impedance of the 
tuned circuit at any frequency is given by 
equation (3) which reads 

= R R+joLl 
A+) + jw R 
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When the denominator of this expression is 
rationalised to eliminate 7,(~/ —I), we get as 
a first step 

Z= R+jwL (A—jwCR) 
A +jwCR ` (A—jwC R) 
_ R+ja(AL—C R?) 


A? F wC R? 
= Ro+jwP (8) 
where 
IR >. AL—CRI 
Ro= Zera ecega Vi P= ae car 


MAONI EATON 
=82 Z MAXIMUM 


MAGNIFICATION 
F MAXIMUM 


ag 
eeen ESER 


10000 20000 


CYCLES ON EACH SIDE OF RESONANCE 


Showing magnification curves for tuned anode with 


„ D.E.3 and D.E. 3B valves. 


= an inductionless resistance 
reactance of value wP. 


Ro + a 


For purposes of computation, the numerical 
value of Z is found from the expression 
[Ro2+ w?P?]} = Zo. To determine the 
selectivity curve showing the relation be- 
tween effective valve magnification and 
frequency when the condenser is set on a 
given station, it is necessary to obtain the 
ratio 


impedance of tu of tuned circuit 


imped. of valve + - imped. „of tuned circuit 


for a band of frequencies -- 3 per cent. of 
the central setting of the condenser. 
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This ratio is equal to the expression 
(R,?--w?P?)! 
[(Ro+p)?+w2P2} 
The effective valve magnification m = 
m x expression (9). 


REBENESAREABSEGEZERN 
suusussunpuununuuuus 
CUO er rrr TO 

Sepa aera ee = 
SET ECO TPS 
CEE umas 


be obvious. 


12 


To 


EE 

Strii 
TIL fee TET 
20000 20000 
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Fig. 10b. Showing relative selectivity curves of tuned anode 
with and withoul valve damping. 


This can be written 
[R2+w2K2]! 
Mia ee ee (TO) 
[i R+p(A2+w2C2R?2) } 2+ w2K2]! 
where K=AL—CR?, and 4A=1—w?LC. 


Taking our previous coil and using a 
D.E.3 valve with p = 22,000 ohms, we can at 
a wavelength of, say, 367 | 
metres obtain from (10) the 02 
magnification for frequencies 
on both sides of this tune 10 
point, since all the quan- 
tities excepting w are con- | 
` stant. The result of this oe 
calculation is illustrated in 
Fig. 10 (a) (b). Curves for 
a D.E.3B valve and for the 
coil and condenser devoid 4 
of valve damping have been 
added. Compared with the 
circuit alone, 1.e.; devoid of 
valve damping, the other 
curves show an absence of 
selectivity and if the data 


valve. 


Da | 


20000 10000 


* Ratio of ordinates—a purely 
arbitrary mode of measurement 


Fig. 11. 
for purposes of illustration. 
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under the curves is consulted the reason will 
The resistances equivalent to 
(9) the valve damping to be added to the coil 
resistance are so large, that the selectivity 
is reduced considerably, although the maxi- 
mum magnification is altered but little. 


Take, for example, a fre- 
quency 15,000 cycles from 
the tune point, we find the 
selectivity of the circuit" 
alone is 4.6 that with the 
D.E.3B, and 6.1 times that 
with the D.E.3. 

An inspection of the curves 
will reveal the fact that the 
D.E.3B valve gives greater 
selectivity and greater mag- 
nification than the D.E.3. 

The explanation of this 
is as follows :— 

(1) The selectivity is 
enhanced owing to the im- 
pedance of the tuned circuit 
when off the tune point 
being a smaller proportion 
of the total impedance (with 
a high impedance valve) ; 


(2) The magnification is augmented due 
to the greater “m ”?” value of the D.E.3B 


We have already seen that the magnifica- 
tion with any given valve falls away with 


increase in the capacity of the condenser 
whether the wavelength is constant or 
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Curves showing gain in selectivny with a large 
condenser across tuning coil. 
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variable. Thus the magnification of a multi- 
stage tuned anode amplifier will be greater 
at 250 metres than at 500 metres, provided 
the conditions assumed herein are not 
violated. 

The last topic which we have to consider 
is the influence of the condenser on the 
selectivity. Taking equation (10) and using 
a wavelength of 367 metres, as in the pre- 
ceding example, the condenser will be fixed 
as 300upF (0.00034F) or about twice its 
former value. The values of L and R will 
be halved, and L/R remains constant. The 
resulting curves are plotted in Fig. II, 
whilst the curve for a capacity of I50upF 
is also given in order that the influence of 
the augmented capacity can be recognised 
at a glance. 


Summary of Results for Neutralised Tuned 
Anode at any giyen Wavelength. 


(1) The magnification per stage can never 
exceed the “ m ” value of the valve (excluding 
anode taps and ratio transformers greater 
than unity). 

(2) The magnification increases with in- 
crease in inductance. There is a limit to 
L owing to the self-capacity of the coil. In 
this case the value of L/C,R should be as 
small as possible, 1.e., the self-capacity should 
be kept down. 

(3) The magnification decreases with in- 
crease in capacity. 

(4) The magnification decreases with in- 
crease in valve resistance (p) provided “ m 
is constant. 

(5) The magnification increases with “ m 
provided p is constant, so that (4) and (5) 
means a sort of compromise. In general, 
unless the set is badly designed, the magni- 
fication will increase with “m ” provided 
p/m does not increase too much. 

(6) The effect of the preceding factors on 
“ selectivity ” is exactly the opposite of that 
on magnification, t.e., a large condenser or a 
large p gives selectivity. Thus with adequate 
H.T. a D.E.3B isa better valve than a D.E.3, 
because it gives more magnification and better 
selectivity, provided, of course, trouble is not 
experienced due to stray capacities and coil 
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interaction introduced by the larger A.C. in 
the coils in virtue of the increased step up 
per stage. For a given magnification the 
number of stages would be less for D.E.3B’s 
than for D.E.3’s, but care would have to be 
exercised regarding the stability. Assuming 
an average of five per stage with a D.E.3 and 
Io with a D.E.3B, four stages of D.E.3 
yield 625, whilst three stages of D.E.3B 
yield 1,000 and perhaps a little oscillation ! 
(7) The magnification increases with de- 
crease in coil resistance, but unless the resist- 
ance is really large, t.e., L/R is poor, its 
effect is not very marked. So far as selec- 
tivity is concerned the coil resistance is often 
swamped by valve damping so that it does 
not play a very important factor with a 


‘low p value. 


(8) Where a band of wavelengths, say 250 
to 550 metres, are covered by a fixed coil 
and a variable condenser, the magnification 
decreases at the longer wavelengths, but the 
selectivity increases, 1.e., one is secured at 
the expense of the other. 

It may be advisable to mention that 
throughout the article we have tacitly as- 
sumed the valves to be operated with grid 
bias and that the excursions of grid potential 
are small, the H.T. voltage being adequate for 
operation on a linear part of the characteristic 
thus avoiding rectification. The “m” and 
p values actually depend upon the H.T. 
volts, the grid bias and the class of valve 
used. It should be noted that practical 
results may not always tally with the cal- 
culations given. here owing to variations in 

m” and p. There is in general a tendency 
for p values to be high, especially with small 
H.T., so that one has to be on the look out 
for reduced magnification. For example, an 
average of 4 per stage is nearer the mark for 
a D.E.3 than 5 quoted above. Personally I 
always endeavour to cut the filament current 
down to a minimum. One can obtain a good 
deal greater magnification with four dull 
emitters of the D.E.3 class than with one 
of the D.E.5 class—even though it is a 
D.E.5B—with a smaller watt loss on the 
filaments. For those to’ whom filament 
current is a minor consideration this argu- 
ment is obviously inapplicable. 
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A Direct Current Test Set. 


By T. S. Skeet. 


along, no doubt, with many other 
experimenters, that serious electrical 
experimental work of any description is 
impossible without suitable measuring instru- 
ments. This article describes a test set 
arranged to cover the many requirements of 


Te writer realised at an early date, 
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Fig. 1. 


the experimenter, whose hobby is either 
transmission or reception. By means of the 
switch which can be seen in the photographs, 
the meter is arranged to give full scale 
readings of I,oOOV, IOOV, IOV, 5V, 0.5V, 
and o.IV. The use of the terminals on 
the top of the instrument, combined with the 
use of the switch, enables full scale current 
readings of 10A, 5A, 24A, 500 mA, and 
50 mA to be obtained. At the switch 
setting of 0.1V the resistance of the instru- 
ment is only 20 ohms, and this scale can 
be used for 5 mA full scale reading. 

The set was designed to form one unit ofa 
transmitting set, which has not yet material- 
ised, and the two terminals, marked O and M, 
with their corresponding switch studs, were 
intended for reading by means of external 
shunts, the current fed to the oscillator and 
modulator valves respectively, of a choke 
coupled IO-watt transmitter. The I,0o00V 
scale, whose switch stud is adjacent to the 
(M) stud, being intended to read the voltage 
of the supply. 


[R384 


The arrangement of the connections to the 
transmitter to enable this to be done without 
additional switching is shown in Fig. 1. 

It will be seen that when the supply 
voltage is being measured the modulation 
choke is in series with the meter, but as the 
resistance of the meter at the 1,o00V setting 
is 200,000 Ohms and the choke approximately 
4,000 ohms the error introduced into the 
reading is not more than 2 per cent. 


Front view of set, showing meter. 
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As the set was not required for immediate 
use in the transmitter, the general utility 
has been increased by the addition, inside 
the case, of a 4.5V pocket lamp battery. 

This battery is connected between the 
negative volt terminal and the terminal 
marked M, the original wire being taken off. 

The positive volt terminal and the one 
marked M can now be used with the switch 
set to 5V for tracing wiring and general 
testing purposes. 

The constructional details are as follows :— 

The meter is a Western model 3cr milli- 
ammeter with full scale reading 5 mA, 
and its resistance is approximately II ohms. 
This small full-scale current is a great 
advantage, when the instrument is used for 
measuring the supply on a low power trans- 
mitter; owing to the fact that the current 
may be fed through high resistance rectifiers 
and smoothing filters. If a meter is used 
which takes, say, 15 mA, the meter load is 
comparable to the transmitter load, and the 
voltage indicated by the meter will be very 
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The tnternal connecttons of the test set. 


much lower than that normally supplied 
to the valves with the meter out of circuit. 

Cheaper meters mav be obtained, but the 
writer recommends the tvpe mentioned above. 
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The resistances required in the voltmeter 
circuit are as shown in Fig 2. The high 
resistances were wound with 47 gauge Eureka 


Side view showing resistance bobbin. 


double-covered silk wire, one ounce of*which 
cost 7s. 6d., and sufficed for all the coils. 
The resistance of the ounce of wire was 
approximately 280,000 ohms. 

The projecting object perpendicular to 


the face of the instrument, which can be 


seen in the photographs, is the former on 
which the higher resistances are wound. 

Owing to the fact that the winding must 
stand a potential difference between its 
ends of 1,000V, and that 47 gauge Eureka gets 
warm with 5 mA flowing continuously, a 
straight winding on a bobbin was not 
considered safe. 

The former was made to the shape of a 
four-cornered cage. Stiff wire was threaded 
through holes in the ends and division pieces 
and through pieces of large sized Sistoflex, 
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the end pieces being held at the correct 
distance apart by means of nuts on a 2 B.A. 
threaded rod through the centre. 

After the winding was completed the coil 
was immersed in molten paraffin to preserve 
the insulation. The four resistances of lower 
value are wound with somewhat larger wire, 
on a spool carried on the underside of the 
shunt panel. The shunts, which are carried 
on an auxiliary panel mounted on screwed 
legs behind the meter, have resistances of 
approximately the values given in Fig 1. 
It is not suggested, however, that the 
shunts be made by calculation and measure- 
ment; in the case of the instrument in 
question, the shunts were made of various 
sizes of high resistance wire, and were 
adjusted by scraping in the larger sizes, and 
by trial and error in the small sizes, whilst 
the instrument was carrying current in 
series with a standard meter. The check 
readings should be taken when the shunt 
lugs are cold, as the heat due to the soldering 
will cause quite a large deflection on such an 
instrument, due to the thermo-electric E.M.F. 
which is set up. 

The switch may be made from the type 
of parts sold for wireless purposes, but some- 
thing more workmanlike was preferred, and 
the under panel switch was constructed with 
properly faced contacts and a rotary lever 
ground intc position on contacts and centre 
disc. The lever is insulated from the shaft 
by means of ebonite bushes. 

It will be noticed from the diagram that 
there is a dead stud between each pair of 
live volt-studs, which is used to prevent 
accidental contact with a lower resistance 
than it is intended to use. This precaution 
is not necessary in the case of the current 
studs, as only one stud will be “ alive ” at 
any one time. 

Particular attention should be paid to the 
soldering of the shunt, as a breakage of a 
shunt connection whilst the meter is in use 
for measuring current would result in a 
burnt-out moving coil, the cost of repair to 
which, as the writer knows to his regret, is 
almost 50 per cent. of the original cost of 
the instrument. 

The 0.5V and o.IV scales are used for 
measuring voltage drops in leads, switch 
contacts, etc., and for measuring thermo- 
electricE.M.Fs. Whilst general tests which 
may be made with.such an instrument are 
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too obvious to need description, a use for 
Which the meter has proved invaluable 
might with advantage be described, viz., 
the testing of an amplifier valve, whether 
power type or otherwise, for correct grid 
bias. 

The 5 mA or 50 mA circuit of the meter 
is included in the anode circuit of the valve 
to be tested, and the indications noted 
when strong telephony is being received. 
If the needle gives decided kicks to the right 
(increase of current) the negative grid 
potential is too great, whilst if the needle 
kicks to the left the reverse is the case. 


Back view, showing shunts. 


In conclusion, the writer would like to 
add that, although good results are sometimes 
obtained by the trial and error method, such 
a method is painfully slow, and if knowledge 
is to be gained as a result of the experiments, 
systematic measurement is essential. 
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Common Errors in Condenser Calculations. 


Making Condensers to Accurate Values. 


By E. H. W. Banner, M.Sc., A.Inst.P. 


densers for radio sets formule are 

usually given without any qualification, 
with the result that a condenser apparently 
exactly similar to the calculated dimensions 
when tested is far from its expected value. 
The formula given in most elementary text- 
books and radio periodicals for the capacity 
of an elementary condenser is 


_ A 
4nd 

where A is the area of one of the two opposing 
plates and d is the distance between them. 
Without a statement of the units this is 
useless. | 

The capacity C, calculated as above, is in 
electrostatic units, or centimetres. The 
reason why the unit is the centimetre will 
be given later. For practical purposes the 
capacity is required in farads (or a sub- 
multiple, microfarads). 

As there are 9 x Io! electrostatic units 
(E.S.U.) of capacity in one farad the capacity 
in farads becomes 


Bi: the manufacture of small con- 


— MER 
47d X 9 X IOM 
and in microfarads 
A 
4nd X 9 X IO? 
as there are IO“ microfarads in a farad. 
The formula now applies to a two-plate 
condenser with air dielectric. When there 
are more than two plates, the factor N 
appears in the numerator, where N is the 
number of dielectrics, which is one less than 
the total number of plates or electrodes in 
the condenser. When the dielectric used 
is not air the capacity is increased by the 
dielectric constant of the material used. 
The dielectric constant’ of a substance is 
denoted by e (in old books by K or S.J.C.). 
The formula is now 


NAc ~} .0884 NAS 
47d X 9 X 10°! = pF 
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when A is the area of each plate in square 
centimetres, and d the thickness of the 
dielectric in centimetres. The formula as 
given, however, is approximate only, the 
approximation depending on the ratio of 
the dimensions of the plates to their distance 
apart, which is the thickness of the dielectric. 

The reason for this approximation is 
quite obvious from a study of a diagram 
showing the lines of electric stress between 
the plates of a condenser (see Fig. 1). At 
the centre of the plates the lines of force are 
straight, and take the shortest path across 
the gap. Towards the ends the lines bulge 
outwards, and outside the limits of the 
plates curves are obtained which extend 
right around to the backs of the plates. It 
is this bulging that causes the formula to be 
incorrect. 


OTT 


Fig. 1. Showing the distribution of the lines of 
force between the charged plates of a condenser. 


Within the limits of the straight-line area 
of the plates the formula holds good, but 
as the edge-effects, as they are termed, are 
manifest in any size of condenser, it follows 
that to reduce the edge effects the area 
should be large or the distance apart small. 
This is better expressed by saying that the 
ratio of area (or dimensions) of the plates 
to the distance apart should be as great as 
possible. If the area is several square 
centimetres and the dielectric only a few 
thousands of an inch thick, the approxi- 
mation is sufficiently near to be used. 

When the ratio is not large, and a nearer 
value is required the formula below, which 
takes into account the fringing at the ends, 
should be used. 

Consider two opposing surfaces as in 
Fig. 2, and neglect for the present the further 


:. ——— —————— 
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edges, and the edges in a plane perpendi- 
cular to that of the paper. Fringing or 
spreading of the lines takes place at the 
edges and as a close approximation the 
length a may be considered to be increased 
by an amount d/2m with no fringing or 
edge effect. 


Fig. 2. Showing how the edge effect may be allowed 
for in calculations by assuming an increase d|2m in 
the length of the condenser plate. 


d, as before, is the distance between the 
plates in the same units as the length a, 
and in the numerical formule given, in 
centimetres. 

For this approximation to hold, d must 
be less than the dimensions of the plates, 
which is nearly always the case in practice. 

It is also incorrect if the thickness of the 
plate, measured in the direction of d, is 
great, but in condensers the plates are 
always thin, and so the approximation is 
sufĥciently close to be of use. 

Applying this correction to a practical 
case, circular plates will first be considered, 
the two plates being presupposed coaxial, 
parallel and of equal area. 

The imaginary strip of plate d/2m to 
account for the fringing obviously extends 
all round the edges and so the effective 
radius of one plate 1s 


r+ d 
2T 
where 7 is the measured radius. 


2 
The effective area is (7 + a 
T 


For a pair of rectangular plates the strip 
of width d/2m has to be added at each edge 
as before, and so if the physical dimensions 
are a, b, the effective dimensions are 


A oud pat 
Tm T 


as the fringing is manifest at both extremi- 
ties of the plates, in each plane, as in Fig. 3. 

The area being two-dimensioned, the strip 
d has to be added to the dimension b, in the 
plane of a. 
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Fig. 3 shows the rectangular plate a b 
with the imaginary strips added, and it will 
be seen that the strips do not account for 
the whole area, as the corners have no 
addition for fringing. 

This correction is small, but it may be 
allowed for by adding to the effective area 
as already defined the area of a circle radius 
d/2m, as the four corners require quadrants 
of a circle to complete them. 

The complete expression for the effective 
area of a rectangular plate system is thus 
expressed as 


(a12)(5-2)1 (=) 


Neglecting edge effects, the capacity 
between two opposing electrodes is inde- 
pendent of their shape, for a given area, 
and other conditions being constant. When 
the edge effect is considered it will be seen 
that the capacity is not independent of the 
components of the area, as the length of the 
additional strip of width d/27 depends on 
the circumference of the electrodes and not 
on their area. 

For example, consider a system of two 
equal rectangular plates of sides 4 cm. X 2 cm. 
and suppose that d/2zr=4, for simplicity, 
although the ratio is large for a practical 
case. 

The actual area is 8 cm.? but the effective 
area is 


(4--1)(2--1) --r(3)"=15.78 cm. 


STRIP OF WIDTM E QUADRANT 
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Fig. 3. Showing the effective size of a rectangular 


condenser plate. 


For circular plates of area=8 cm.?, the 
radius is (nearly) I.6 cm. The effective 
area 1S 


7 (r + =) = I3.9cm.?, which is about 
T 


c2 


e ¢ I2 per cent. less than that of the rectangular 
= plates. 

A In practice d/2m will be considerably 
: less than .5, except for the case of small 


to be used. 


It is to condensers of this nature that the 
Corrections for edge effects are most necessary. 


In the formule given at the commence- 
ment of the paper the effective area, as 
determined from the foregoing, should be 
used as 4. 

When the exact result is required, the 
following formula by Kirchhoff must be 
used. This applies to circular plates; for 
rectangular plates the formula is much more 


t“: 


complicated. 
wre 7 
2 pr 
: Tomr(d9)] „dde  , 
P x lg III “Ra Karaj +e 


Where C’ is any part of the capacity which 
does not change with d 


Y is the radius of the discs, 
» distance between plates Jan 

¢  ,, thickness of plates. 

€ 4, base of the Naperian logarithms. 


This is in E.S.U, and for air dielectrics. 


The two difficulties in making a 
condenser to a given specification are in 
measuring the true thickness of the dielec- 
tric and in knowing the actual dielectric 
constant of the materia] used. For any 
condensers other than those with an air 
dielectric these two difficulties are far greater 
than is generally realised. If the dielectric 


— eee T: kodi 
summa edad, ae E E P 


September, 1926 558 EXPERIMENTAL WIRELESS 4 


thick dielectrics, great pressure as soon as 
assembled, or impregnation with varnish 
and drying under pressure. 

e other source of error is in the dielectric 
constant of the material If the figure is 
looked up in different books very different 
values will result ica i 


lation. Possibly the best way of over- 


mica. Then the condenser can be tested 


a rule, the Capacity of a small con- 
denser made up to calculations cannot be 
relied on to more than about + 25 per cent. 
accuracy. That is, if the condenser is 
nominally „oruF (microfarad) it may be 
anything from 0075 to .oI25uF, unless 


The capacity of a sphere in free space, of 
radius ry cm., Charged with Q units of 
electricity has a potential at any point d 
from the centre of the sphere of v=Q/d 
(E.S.U.). The potential of the sphere is 

r and from this r=@Qv. Now, by definition 

=O/v, therefore C=r or the Capacity in 
E.S.U. is numerically equal to the radius 
of the sphere. A sphere of radius 1 cm. 
therefore has a Capacity, in free Space, of 
I cm. or I electrostatic unit. This explains 
why the unit of Capacity is the cm. 


eer 
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Mathematics for Wireless Amateurs. 


By F. M. Colebrook, B.Sc., A.C.G.I., D.I.C. 
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(Continued from page 498 of August issue.) 


(4) Indices. (A) Definition of an Index. 


HE first four instalments of this series 
have been devoted to a very thorough 
discussion of the four fundamental 
operations of Algebra. The present section 
will deal with a very important set of ideas 
derived directly from the ideas of multiplica- 
tion and division. | 
Consider the product 
axbxcxd ... n factors In all, 


where m is of necessity a positive integer, and 
the other letters have the full significance of 
algebraic letter symbols. Now suppose that 
the factors are all equal to each other. Then 
the product takes the form 


axaxaxa... n factors. 


Now just as the sum of 1 a's was abbreviated 
into axmn, so the product of n» a's similarly 
lends itself to abbreviation, and the accepted 
form of abbreviation is 


axaxaxa.. .nfactors=(t.e.is written) a”. 


The double symbol on the right is spoken of 
as “a to the nth” or “the mth power of a.” 
It follows from this definition that n must be 
a positive integer. 


(B) The Index Law. 


-From the definition of an index, 


a"xa"=(axaxaxa.... m factors) 
x(axaxaxa...mfactors) 
=(axaxaxaxaxa m+n 
factors) 
— alm +n) 


t.e., a" xa" =a™ +n) 


The general result symbolised in this 
formula will be referred to hereafter as the 
Index Law. 


(B1) The Negative “ Index.” 


The word “index” is put in inverted 
commas to emphasise the fact that this is 
only “ a manner o' speaking.” An index is 
a positive integer, but it is very convenient to 
allow a negative number to masquerade 
as an index for the following reason. 


Consider the fraction a”/a". If m~n,a" 
can be written a”"=a"—"*"*=a"—" x a" by the 
Index Law, so that i 

an|a"=(am-n x a")/a" =q» | 
(see para. (E2) of Section 3). On the other 
hand, if m<n it can obviously be shown in 
exactly the same manner that 
a" la" =ar, 

Now this double result, depending on 
whether m>n or m<n involves a deal of 
tiresome conversation and would be a great 
nuisance in practice. The nuisance can be 
avoided in this way. Let us write I/a" in 
the form a~". The symbol a~” is in itself 
quite meaningless, so we are quite at liberty 
to attach the above meaning to it if we so 
desire, and if any useful purpose will be served 
by doing so. Notice carefully, however, that 
the —n in a-" is not strictly speaking an 
index, and a" is nothing more than a way 
of writing Ija”. On this understanding, 

anla“ =a” xa" 
Now if m>n, a™/a"=a™" as shown above 
a" x a`” = ar” 
= qmh(-n) 

which shows that the — can be treated as 
if it were a genuine index, obeving the Index 
Law. Moreover, both cases are now included 
in the one formula, for if m<cn, then, as 
shown above 


1.6. 


a”]a” = rac 
and I/a"””, in virtue of the meaning that 
we have attached to a negative number 
written as an index, can be put in the form 
1/a"—™ =I/a~lv=n) 
= qm-»" 

Thus the meaning that we have arbitrarily 
assigned to a negative number written as an 
index has the advantage that such negative 
numbers can be treated as if thev were 
genuine indices obeving the Index Law, and 
an index can if necessary be allowed to assume 
a negative value without causing us to re- 
write the resulting expressions in some other 
form. 
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(B2) The Zero “ Index.” 

Again, there is strictly speaking no such 
thing as the zero index. However, consider 
a™/a" when n becomes equal to m. In 


accordance with the ideas explained in the 


preceding paragraph 
a" |a» = amm) — qa? 


and since a”/a” is unity, it follows that a? 
is unity for all finite values of a. (Notice 
that if a=o, a? becomes the germ of insanity 
described in para. (E4) of Section 3, so don’t 
let a=o in a°). Thus a?, an idea which is 
incomprehensible in itself, is really nothing 
more than a convenient way of writing 
a" /a™,* and its value is unity for all finite 
values of a except a=o. 


(B3) Repeated Products of Powers. 

Since a™ Xa" =a”t" for positive or nega- 
tive values of m or n, it follows from the Law 
of Association that 


a” xa*xał xal. .. y factors 
| —agmtntp+qt ... terms 
and if m=n=p=etc. 
this becomes 
a™xa™xa™xa™ .... y factors 
—qmrHmhmh o... -p terms 
1.6. (am)' = amr. = gw 


As an exercise the reader is recommended 
to show from first principles that this is true 
for negative values of m and r, e.g., —p and 
—q, where p and gq are positive. This 
amounts to showing that Li 


1/(1/a?)1 =a (ĉe. Gy = ar) 


(B4) Powers of Products and Quotients. 

By writing out in full it will be found quite 
easy to show that for positive or negative 
values of n 

(a x b)” =a" x b" 

* Some more advanced students will possibly 
object that a? must be something more than the 
convenient mathematical fiction that it is here 
stated to be, since it is a form which frequently 
occurs in practical physics. For instance, take 
some quantity which changes with time according 
to the formula x=z, a" where x, a, and b are 
constant numbers. When ¢=o the value of x 
is %, a”, t.€.,%,. It must be remembered, however, 
that ¢ really represents an tnterval of time and should 
ideally be written in the form ¢#,—#,. The condition 
t=o is thus really the condition f,=#,, which is 
in agreement with the above discussion of a9, 
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and (a/b)" =a"/b" 
As a particular case of the latter, when a=1 
(1/0)"=1"/b"=1/b". 


By writing 1/b as b-' this is seen to be a 
special case of the result proved in para. (B3). 
Notice further that 


(1/b)-" = br. 
(c) Roots. 
Consider the statement 
axaxaxa .. . n factors=a"=b. 


Here the number b is described as being 
made up of n factors each equal to a. Simi- 
larly a could be described in terms of b and m 
as that number, » factors each equal to which 
would give the number b. There is in fact 
a recognised way of writing this, 3.e. 


a = Yb 
a is described as the nth root of b. Thus since 
2X2X2X2=24= 16, 2=4/16 | 


and 2 is described as the fourth root of 16. 
The definition of the mth root of b is clearly 


(vb) = b. 
There is no special magic about this way 
of writing the mth root of b, and if we wished 


to emphasise the analogy with the index form 
it could equally well be written 
b”’ 
the dash serving to distinguish it from b". 
Using this way of writing, the definition of 
a” would be 
(=a 


Comparison of this definition with the result 
obtained above, 1.e. 


(a”)™ —aqmn 


suggests an even better way of writing the 


ath root of a. Suppose we write it as 
I 


I 
a". Then the definition ofa” is 
I 
(a")” =a 
which is in agreement with the formula 
(a™)" = a"", for it can be put 
I I 
(amr = an” =a'=a. 
I 
Notice carefully that a” is only a convenient 


way of writing Va. The 1/n is not really 


———— =) Es, i. nm 
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an index and the application of the above - 


formula in the manner shown does not follow 
from the Index Law but from the definition 


of a". 
It will be convenient to carry this notation 


one stage further, for, as the definition of 
the gth root of a? we have 


(/ar)9 = al 


| p 
and if (9/a?) is written in the form a? this 
becomes 
p 
(am): =a? 


which again is in agreement with the formula 


(a")m = gm 


~ 


p 
This suggests that a? will prove to be a 
convenient way of writing the qth root a, 


so that we have as the definition of ~= the 
statement 
p 
(az)? = aP 


We must now see to what extent the bia 


P 
in a? can be treated as if it really were an 
index. 


(cx) Product of Roots. 
Since (a7)? = a? 
(lanaj = oP 
1.6., (ane = ats by para. (B3). 
Similarly (aĵe = q" 


~ 


p? 
Therefore (a!)5 x (a5) = af xa" 
p. 7 


1.€., (at x at)% = ales ro) 


Dp: -r 
This shows that (a? x a‘) is the gsth root 
of afst79, which we have agreed to write 
PI Ero 
in the form a 9 


p r ps keg (77) 
(atxa:)=a 9 =a 


, so that 


The suggested form of notation therefore 
has the great advantage that the formula 


a™ x a" —aqmtn 
can be applied when m and n are fractions. 
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A simple extension of the above proof will 

show that it will still apply even when m 

and n are negative fractions or when either 

is negative. 

(c2) Full Generalisation of the Index For- 
mulse. 


p 
Assuming only that a? is a convenient way 
of writing the qth root of a?, 1.e., on the basis 
of the definition 


P 
(a? “= a? 
it will be quite easy to show that the formula 
given in paras. (B), (BI), (B3) and (B4) can 


all be applied when the indices are fractional 
in form. For instance, to prove that 


(a™)” = gmn 


where m=p$/g and n=r/s, p, q,r, and s being 
integers, we have, by KE 


p r 
{(a‘) Ja at 
pt 2 
and ((a9)7= {aF 
? 
= {(a°) Y 
= (a?) 
oE ap' 
so that by definition 
sj LA = 
((a)') = af 


The proofs for the remaining formule will 
be omitted to save space. They will follow 
exactly similar lines to that given as an 
example. To resume, it may now be 
stated that for positive or negative integral 
or fractional values of m and n 


a" x a" = y mim 
(amn = am. 
(ab)" = a"b" 
(a/b)" = a"/b". 


The reader should notice very carefully the 
logical sequence of the above demonstration 
of the generalisation of the index formule. 
This demonstration is put forward with all 
due deference as an alternative to the usual 
text-book treatment, in order to show that 
the full generalisation required can be 
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ebtained without bringing in any incom- 
prehensible ideas or any purely formal 
svmbolism.* 3 


(D) An Example of the Index Notation. 


The products considered in para. (D2) of 
Section 3 can now be written 


(x — a) (x — b)= x? — (a + b) x + ab 
and (x — a) (x — a)=(x—a)?=x? — 2ax + a? 
Further, (x- a) (x+a)=x* —a? 


These three formule, which are three 
special cases of the multiplication of number 
groups, will prove to be of great use in 
practical mathematics. 


r 
(E) Is a” always a Number P 
T 
The definition of a” is 


(a")” = a, 
We have so far taken it for granted that 
if a and are numbers, there is some other 


I 
number, written as», which fulfils the above 
definition ; and so there is in most cases, but 
not in every case. Suppose a is 64 and n 
is 3. Then, by definition, 


(64!) =64 
and since 48 =64 
we may say that 644 = 4 


Again, since 53=125, 125! is the number 
5. Moreover, since 100 lies between 64 and 
125, 100 will presumably be some number 
greater than 4 and less than 5, what Barrie 
would call “ four and a bittock,” t.e., four 
and a fraction. Actua!ly there is no number 
between four and five the cube of which is 
exactly equal to 100, and 100 is for this reason 
called an “irrational ” quantity. (This, by 
the way, does not mean “ unreasonable ” 
or in anv other way feminine. It simply 
means a number which cannot be exactly 


€ It is seriously stated in some text-books that 
the generalisation of the index formule depends 
on the Principle of the Permanence of Equivalent 
Forms, t.e., “ A law of algebra which admits of 
proof subject to certain limitations is true gener- 
ally provided the removal of the limitations is not 
incompatible with the truth of the law.” This 
principle appears to the writer to be modelled on 
the tactics of that sort of cuttle-fish which, when in 
ditticulties, squirts out a cloud of sepia and escapes 
in the confusion. 
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expressed as the ratio of two whole numbers.) 
However, by methods to be described later, 
a number can be found which satisfies the 
condition to a verv high degree of accuracy. 


Thus (4.6)» =97.34 
(4.64)§ =99.9 .. 
(4.642) =100.03 
and soon. Since in real life there is alwavs a 


limit to the accuracy with which measure- 
ments of quantity can be carried out, the 
distinction between an irrational quantity 
and a rational quantity is, as far as the 
physicist or experimenter is concerned, 
purely academic. Thus for any work of an 
accuracy of a tenth of I per cent., IOO$ fs 
4.64. 


Consider now another case. What is 254 ? 


By definition, 
(254)y= 25 
Now (+5)?= 25 
and also (—5)“= 25 (see para (DI) of Sec.3) 
so that 25t=+ 5 
and 25*=— 


In other words, 254 not only exists—it 
leads a double life—a sort of Dr. Jekyll and 
Mr. Hyde. This duality can be expressed 


25t= + 5 (plus or minus 5) 


Notice further that any even root can be 
expressed. as a square root, for 


x LI 
a: (a) (see para. (B3) above) 
so that the 2pth root of a is the square root of 
the pthrootofa. Itis clear, therefore, that 
any even root, if it exists at all, will have at 
least two real values, differing only in sign. 
In practice this implicit ambiguity would be 


an inconvenience, since mathematics is, or 


should be, plain dealing par excellence, so 
it is generally agreed that at shall mean the 
real positive number which satisfies the 


definition. The ambiguity can now be made 
explicit. 

For instance, if x? =b B 
then x=+btor +b 


Notice that this ambiguity will not occur 
in the case of odd roots. 


Thus —3 X —3 X —3 =—27 
and 3X3X3= 27 
so that (27 = 3 


THE WIRELESS ENGINEER 
and (—27) =— 3 
Similarly 32 = 2 
and (—32) =— 2 


In words, the odd root of a negative number 
is a negative number or fraction, and the odd 
root of a positive number is a positive number 
or fraction. 

One other important case remains. What 


is the square root of a negative number, ` 


(—o)* for instance? First let us simplify 
the matter a little. Since 


—9=—I X9 
(—o)? =(—r)t x (9)? (see para. (B 4) above) 
=(—1)}ł x3 or /—IX3 


In a similar manner the square root of any 
negative number or fraction can be reduced 
to the form V —I x a, and the feature common 
to all such cases is /—1. Also any even 
root of a negative number will depend on 
this same thing, for the 2pth root of —I is 
the pth root of the square root of —I. Now 
there is no number which, multiplied by 
itself, will give —I, so the symbol /—-1 or 
—It is, as far as pure number is concerned, 
meaningless. Later on an interpretation 
will be found for it in relation to quite a 
different set of ideas, and the symbol will 
prove to be of great service in connection 
with alternating current theory. For the 
present, however, it will be sufficient to say 
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that the square root of a negative number is 
non-existent as a number, or, as the mathe- 
maticians have not very happily designated 
it, is an imaginary quantity. 

Examples. Indices. 

I. Show that (xt+at)?=x+2atxt+a 
and (x*—at)(x* +at)=(x—a) 
aŭ bit cì at bic 

Bich at bt 
Show that it is equal to © 
abc(a3 b-ttc 4 — at) 
a* =a 
a =B 
a =y 
and aB=y 
what is the relation between x, y, and 2? 


Further, if y=a/B what is the relation 
between x, y, and z? 


4. Show that (a+ b)? = 43+ 3426+ 3ab2-+ 68 
(a—b)§ = a3—3a2b + 3ab2—b3 
(a8—b?) = (a—b) (a*+-ab-+ b?) 
(a3 +b) =(a+b) (aĉ—ab-pb?) 
5. What are the factors of (a“—bt) and of 
(a“—be) and (a+ 0°) ? 
6. Show that 


xa (a+b) (= (=) 


2. Simplify 


3. lf 


(To be continued). 


‘Amateur Long-Distance Work. 


By Hugh N. Ryan (SBV). 


OR some time now, it seems, very little 
amateur long-distance work of great 
interest has been done. This is due, 
no doubt, to the fact that the summer 
weather has tempted most of the experi- 
menters to other pursuits (though we do 
not think that this fact can legitimately be 
added to data collected on the “ effect of 
weather upon wireless signals.’’) 
Although there is so little activity to be 
noted, yet a short review of the present 
state of long distance work may be given. 


[R545.009.2 


The most noticeable feature of recent 
work is the greatly increased number of 
stations regularly using low power. Only 
a short time ago, useful low-power work, 
though quite often accomplished, was alwavs 
regarded as something of a “ stunt,” and 
with a few exceptions the stations using it 
usually went back to fairly high power for 
ordinary serious work. Recently, however, 
not only have the stations habitually using 
low power increased their useful range 
very greatly, but many (if not most) have 
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reduced power. It has been evident for a 
long time that this must happen, as the 
power used in many cases was certainly 
excessive in present-day circumstances. It 
is satisfactory to note that this reduction 
of power seems in all cases to have improved 
rather than prejudiced long-distance results. 
One imagines (with some relief) the number 
of valves which are no longer overloaded 
and the number of condensers which are 
now called upon to stand a voltage less in 
excess of that for which they were designed, 
and one wonders the less at the improvement 
in results, not to mention the improvement 
in note quality in some cases. 

It is also to be noticed that more work 
is being done on Sunday mornings and after- 
noons, and less at night, than hitherto. 
Daylight work is gradually becoming more 
important than night work, with its accosn- 
panying disadvantages, now that daylight 
does not present so great a barrier. One 
of the greatest factors in the opening up of 
daylight work, and hence of growing im- 
portance nowadays, is the use of the waves 
of about 20 metres. It will be remembered 
that when these wavelengths were first 
explored, chiefly by 5LF on this side of 
the Atlantic, they were fairly widely used 
for a time, but results were found to be too 
uncertain for the patience of most amateurs, 
and they subsequently became almost neg- 
lected by the majority of stations. 

There are signs now, however, of a re- 
viving interest in these waves, with perhaps 
the promise of more patience in their in- 
vestigation. Such signs take the form of 
good results by a very few stations rather 
than the presence of a lot of stations on 
this wave, but it 1s at any rate a good begin- 
ning, and it is hoped that more stations 
will soon be heard there. It should be 
emphasised that, whatever may be the dis- 
advantages of 20 metres for ordinary winter 
night-time work, it is certainly a most 
useful wave for daylight DX in the summer, 
and perhaps the experience gained in this 
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connection will help to overcome the diff- 
culties of using it in the winter. 

Judging by casual listening, the station 
now doing the most useful work on 20 
metres is 2LZ, while a number of Northerners 
are also heard there, and 2SZ is between the 
two usual bands, on 32 metres, with crystal 
control. The chief difficulty at present on 
20 metres is undoubtedly the lack of stations 
with which to work. 

Some details of amateur long-distance 
work in Austria have been received, which 
will doubtless be of interest to the many 
amateurs who have heard or worked 
Austrian stations, now often heard in this 
country. They all use call-signs consisting 
of the letter O followed by two more letters. 
They appear to work on a variety of wave- 
lengths, but most useful work is done on 
45 metres or thereabouts. Very good re- 
sults are obtained by these stations, especi- 
ally on low power. The two best known 
stations are OAA and (AB, the former 
on 46 metres with Io to 20 watts, and the 
latter on 58 metres with considerably less 
power. 

Reports from this country for Austrian 
stations may be sent to OAA (Th. Mossig, 
Wien 1, Am Hof 13, Austria). 

In the same way that interest among 
DX receivers centred, some years ago, 
round the “record” number of American 
stations received by any British amateur, 
a similar interest is now aroused by recep- 
tion of Australian and New Zealand signals. 
While there is no scientific merit in “ mass 
reception ” there is undoubtedly a certain 
competitive interest attaching to it, and many 
have tentatively claimed the gecord. The 
best we have yet heard of is the record of a 
Birmingham receiver (Mr. T. S. Calder) who 
had, up to the beginning of June, heard 
66 Australasians. 


[Reports on interesting work carried out 
should be sent promptly to Mr. H. N. Ryan, 
c/o The Editor.] 
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D.C. Instruments in Wireless Receivers. 


By J. F. Herd, A.M.LE.E., M.LR.E. 


of his D.C. values and adjustments 

(flament, anode, etc.), is one which 
frequently impresses itself on the wireless 
experimenter, and causes him to regret the 
insufficient use of D.C. measuring instru- 
ments in most wireless receivers. There is 
no doubt that for serious quantitative work 
such instruments are essential, and even 
for less accurate work they are very desirable 
in the interests of approximate constancy of 
performance. Expense is the only serious 
argument against them. 

While it is readily possible to arrange by 
switching for one D.C. instrument to be 
transferred from one anode circuit to another, 
the arrangement is often somewhat com- 
plicated. If the instrument is desired also 
to be used for other circuits, e.g., grid or 
flament, considerations of capacity may 
make such switching undesirable. 

The use of ordinary pattern telephone 
jacks on the set, with the D.C. instrument 
joined to the corresponding two-point plug, 
provides perhaps the most complete solution 
for the application of one measuring instru- 
ment to different parts and circuits of the 
set. 


T: need for an accurate knowledge 


Fig. 10. 


Fig. 1a. 


Fig. 14 shows an arrangement which has 
been found convenient for providing access 
to anode circuits. The inner springs of 
the jack being shorted together, the con- 
nections of the anode circuit, when no plug 
is inserted, are completed through the outer 
springs and are perfectly normal. Insertion 
of the plug joins the milliammeter directly 
into the anode circuit for measurement of 
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the steady current, as shown in Fig. 1b. 
A jack so wired into each anode circuit of 
any number of stages thus permits one 
instrument to be transferred quickly from 
one circuit to another, or to be left semi- 
permanently in one position for any parti- 
cular purpose. If so left, especially in a 
H.F. circuit, the milliammeter should be by- 
passed by a condenser, which can, of course, 
be ee externally to the milliammeter 
itself. 

The use of a suitable series resistance in 
conjunction with another jack readily enables 


Fig. 2. 


the same milliameter to be used as a volt- 
meter. For example, a milliammeter reading 
a scale maximum of 5mA can be used as a 
voltmeter, reading up to 5 volts, if used in 
series with a resistance making up a total 
resistance of I 000 ohms. 

Fig. 2 shows how this can be used for 
checking filament voltage. In this case the 
inner springs of the jack are not connected 
together, so that the jack circuit is open 
until the milliameter is plugged in. So 
used, the accuracy of the instrument be- 
comes a function of the accuracy of the series 
resistance required to give the necessary 
conversion to volts. If, however, the 
measurement of absolute voltage is less 
important than the maintenance of an 
optimum working point or constant adjust- 
ment—as is often the case—some latitude 
becomes possible. 

A similar arrangement can also be applied 
for use as a voltmeter on a potentiometer 
or other voltage measurement. In the 
case of a centre-tapped potentiometer two 
jacks, mutually reversed with respect to 
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each other, can be used in conjunction with 
one series resistance to give the effect of a 
centre-reading voltmeter. 

Such an arrangement is shown in Fig. 3. 
With a suitable series resistance for the 
scale of voltage required, the milliammeter 
in one jack can be used to read grid o to 
— max., and the other grid o to + max. 


GRID— 


VOLTMETER 
RESISTANCE 


GRID 


Fig. 3. 


From the foregoing, the use of a jack 
with a suitable resistance also permits the 
instrument to be used as a voltmeter on 
the H.T. battery, a check of its voltage 
being frequently very desirable. Indeed, 
the S«lended use of the one instrument to 
many voltmeter applications is simply a 
matter of making and measuring with 
sufhcient accuracy, the requisite series resis- 
tances for the scales of voltage desired. 

The milliammeter can also be used as an 
ammeter measuring heavier currents, e.g., 
that of the filament, a measurement which 
is sometines desirable with certain valves. 
This can be done by permanently shunting 
the outer springs of jack with a shunt such 
as will reduce the reading to amperes. 

This arrangement is shown in Fig. 4, 
where S is the shunt, which permanently 
completes the circuit even when the plug 
is not inserted. 

The adjustment of this shunt is a matter 
of experiment and must be done with some 
care. To convert the usual pattern of 
miliammeter to an ammeter reading up 
to a maximum of 2 or 3 amperes, a very 
short length of, say, No. 16 or 18 Eureka will 
usually be found suitable. The adjustment 


566 


EXPERIMENTAL WIRELESS & 


is best done by over shunting, subsequently 
increasing the resistance of the shunt by 
gradual filing. Final adjustment or re- 
check should be done after wiring the jack 
into the set, as there is often a tendency 
for the shunt to be moved by the softening 
of the solder in wiring into the apparatus. 
It should also be noted that the same shunt 
may not give consistently similar results 
if used with different instruments, each of 
the same nominal pattern. 

One good instrument can thus be utilised 
to measure all the D.C. constants in which 
one is ever interested in a wireless receiver, 
and a system of telephone jacks—especially 
if purchased from ex-Government stock—is 
very much cheaper than a number of high- 
grade ammeters or voltmeters. 

The instrument need not even be built 
into the set, but can be left on the bench 
with its plug attached, remaining available 
for other purposes. 

The use of jacks also permits the ready 
introduction of, say, a more sensitive type 
of galvanometer if required for any parti- 


‘cular measurement, while the jacks can also 


Fig. 4. 


be used for the insértion of telephones into 
any anode of the L.F. system—a matter 
of considerable advantage in many experi- 
ments. It is, indeed, frequently desirable 
to be able to gain quick access to an anode 
circuit, and other uses may readily suggest 
themselves to the experimenter. 

It is, of course, necessary to maintain 
some convention of wiring, so that the same 
instrument may be used throughout—e.g., 
it can be arranged that the tip of the plug 
shall be joined to the -- terminal of the 
instrument, and the jacks wired accordingly 
(as in the diagrams). 
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Abstracts and References. 


Compiled by the Radio Research Board and reproduced by arrangement with the Department 
of Scientiĥc and Industrial Research. 


R000.—WIRELESS IN GENERAL. 


Ro84.—Mars AND WIRELESS WAVEs.—R. Keen. 
(Wireless World, 21st July, 1926, pp. 73-76.) 


An account of methods of indicating the track 
of wireless waves over the earth’s surface. 


R100.—GENERAL PRINCIPLES AND THEORY. 


RI12.—DAS GESETZ DES TIEFEMPFANGS IN DER 
DRAHTLOSEN TECHNIK.—W. Schottky. (Zeit- 
schrift fiir Hochfrequenz, 27, 5, pp. 131-141.) 


Applying the classical reciprocal relation of 
oscillation theory to acoustics, Rayleigh (Theory 
of Sound, Vol. I., $ 109) has formulated the “Law 
of low reception,” which states that when receiving 
quasi-spherical waves, the ratio of the energy 
picked up from the sound field to that sent out 
increases with the square of the wavelength, and 
therefore efficiency reception becomes greater the 
lower the frequency. The author has attempted 
to formulate a corresponding law for electro- 
dynamic radiators and in this article gives the 
results of his deliberations in so far as they bear 
on radio technique. 

It is explained at the outset that in dealing 
with problems of wireless reception we have a 
choice of two methods: a direct and an indirect 
one. The direct method, by which most of the 
facts already known have been obtained, takes 
the field of the wave being received as given, and 
from it calculates the effective alternating E.M.F. 
in the antenna and the currents and tensions in 
the circuits connected to it. The other method 
does not study the receiving properties of the 
receiving antenna under investigation, but its 
transmitting properties instead, and the effect 
that its radiation would have on the transmitter 
that is being received. This indirect method is 
said to be of advantage when the receiving charac- 
teristics of the transmitter and the transmitting 
Characteristics of the receiver can be more easily 
calculated than the receiving characteristics of 
the receiver under investigation. The conditions 
for which this method of reciprocal relation is 
applicable as well as some fundamental theorems 
for dipole antenne that follow from it have already 
been given in this Zeitschrift (A. Sommerfeld, 26, 


4, Pp. 93-98.) 


Ri13.-—-NOTES ON WIRELESS MATTERS.-—L. B. 
Turner. (Electrician, goth July, 1920, 
PP. 42.-43.) : 


Discussion of wave propagation, comparing the 
propagation that would occur in four ideal simple 
limiting cases :— 

(a) With a flat perfectly conducting ground 
bounded by a perfect vacuum. 

(b) The case (a) modified by the addition 
of a perfectly conducting upper layer parallel 
to the ground. 


(c) The case (6) modified by making the 
ground spherical instead of flat. 

(d) With the earth spherical and without an 
atmosphere. 


R113 & 114.—MEsuRES DU CHAMP DES PRINCI- 
PALES STATIONS EN AMÉRIQUE DU SUD.— 
P. Borias. (L’Onde Electrique, June, 1926, 
pp. 284-295.) 

These observations were carried out during 1923 
and 1924 for the Compagnie Générale de T.S.F., 
at the Transradio International receiving centre 
at Villa Elisa, near Buenos Ayres. They were made 
on the signals of the long-wave stations most easily 
received in the Argentine Republic, namely : 
New York, Sainte-Assise, Bordeaux and Honolulu. 
The method is described in detail. Though thought 
out independently, it is similar to that employed by 
Pickard and Englund, utilising ohmic coupling 
between a constant local transmitter and the aerial 
receiver. The results for the months of October, 
1923, and February, 1924, are tabulated. It was 
found generally that waves from the north and 
north-east gave a figure pretty near that furnished 
by Austin’s formula, sometimes less, with a charac- 
teristic absorption at seven o’clock local time, 
whatever the season. Waves coming from the 
west over the Pacific, on the other hand, were 
always much stronger than would be expected from 
the formula. 

As concerns atmospherics in the Argentine, 
these came generally from a north-north-easterly 
direction, their nucleus appearing to be very distant. 
On to this background of directional disturbances, 
others more violent are sometimes superposed, due 
to local storms and atmospheric conflict. 


R113.5.—RADIO WEATHER—“ Goop ” AND “ Bap.” 
—E. van Cleef. (Radio News, August, 1926, 
pp. 113-184.) 


In the absence of precise investigations of the 
subject, the following preliminary qualitative 
results are given by the author: Reception is 
clearest and strongest when the path of the waves 
is at right angles to the isobars. Reception is 
weaker when waves pass from one pressure area 
across another than when they are confined to a 
single area. Static is most frequent when the 
isobars are far apart, that is, when the waves 
travel across areas of little ditterence in air pres- 
sure. 

As concerns the actual state of the weather, 
as good results may be obtained when it is very 
windy and raining or snowing as when the skies 
are clear: all that is necessary is the right dis- 
tribution of pressure. 

Another observation of interest is that when the 
waves travel in a path parallel to the isobars 
fading occurs. 
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R113.5. — WEATHER AND RADIO. 
American, July, 1926, p. 70.) 

Investigations of radio wave propagation by 
engineers at WGY show that signal strength falls 
ofi rapidly during the first 300 miles but becomes 
stronger at 600 miles and then gradually weakens. 
A study of the zones in which fading occurs shows 
that it is worst between 200 and 500 miles from 
the transmitting station. Therefore broadcast 
service is more reliable at 600 miles than at 300 
miles because fading is less and the volume is 
somewhat increased. Reception reports indicate 
that the rate of fading increases steadily as the 
wavelength grows shorter. Temperature seems 
to have no effect upon the signals, although static 
increases as the temperature rises, especially in 
summer. The barometric pressure seems to make 
little difference in signal strength when both trans- 
mitter and receiver are at the same pressure. 
When transmission is from a high to a low pressure 
area, transmission is best at short and at long 
distances, but at a medium distance of 600 miles 
it is best from an area of low to an area of high 
pressure. 


R113.6— DISCUSSION ON ‘ POLARIZATION OF RADIO 
WAVES.”—G. Pickard. (Proc. Inst. Radio 
Engineers, June, 1926, pp. 391—393.) 

Mr. Pickard’s article appeared in Proc. I.R.E. 
for April (these abstracts, E.W.& W.E., June, 1926, 

. 381). 

J Systematic measurements on long-wave stations 

show great irregularities in direction-finder bearings 

during the hours of darkness, and it has alwavs 
been assumed that these irregularities mean actual 
change in the direction of propagation. 

Dr. Alexanderson states here that a number of 
facts have recently been brought out through work 
on polarisation of short waves which lead one to 
think that the evidence collected in the past may 
be given a ditterent interpretation. We find now 
in dealing with short waves that such apparent 
changes in direction of wave propagation can be 
reproduced regardless of daylight by controlling 
the plane of polarisation of the radiated wave, and 
evidence is given here from which it can be inferred 
that the apparent changes in direction of long waves 
are also due to the presence of horizontally polarised 
wave components. 


(Scientific 


R113.6.—POLARISED TRANSMISSION.—R. Kruse. 
(O.S.T., June, 1926, pp. 9-16.) 

A semi-popular discussion of the subject including 
Dr. Alexanderson's polarised wave model. 

Direction tests carried out at different heights 
from the ground indicate the presence of a hori- 
zontal and a vertical wave component with different 
velocity of propagation and suggest that directional 
errors do not mean that the wave actually comes 
from unexpected directions, but characterise waves 
partially polarised in a horizontal plane. 


R113.6.— REFRACTION OF SHORT RADIO WAVES IN 
THE UPPER ATMOSPHERE (Abridged).— 
W. G. Baker and C.W. Rice. (Journ. Amer. 
Inst. Elect. Engineers, June, 1926, pp. 535- 
539.) 
The following synopsis is given :— 
The paper shows that the striking phenomena of 
short-wave radio transmission (7.e., below 60 m.) 
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can be quantitatively accounted for on a simple 
electron refraction theory in which the effect of 
the earth’s magnetic field and electron collisions 
may be neglected as a first approximation. The 
distribution and number of electrons per unit 
volume in the upper atmosphere required on this 
theory to account for the meagre experimental data, 
appear to be in general accord with the values 
required in the explanation of the diurnal variations 
of the earth’s magnetic field, auroral and long-wave 
radio transmission. 


The paths taken by the waves from an antenna 
to distant points on the surface of the earth are 
calculated. The path calculations give a definite 
picture of the now familiar skip distance eftects. 
Ideal signal intensity curves (#.e., neglecting absorp- 
tion and scattering) are given, which show how the 
energy sent out by a transmitter is distributed over 
the surface of the earth. A focusing of energy 
just beyond the skip distance, and again just inside 
the point where the ray tangent to the ground at 
the transmitter comes back to earth, is clearly 
shown. The reflection of waves at the surface of 
the earth is also considered. 


The results of these calculations make it possible 
to estimate the most suitable wavelengths for 
night and day communication between any two 
points on the earth’s surface. It is also pointed 
out that there will be a minimum wavelength, in 
the vicinity of 10 metres, below which long distance 
communication becomes impossible. It is shown 
that from the point of view of long distance com- 
munication low angle radiation is most effective. 
The ray paths and energy flux density in the wave 
front of the sky waves are independent of the plane 
of polarisation of the transmitter. The effects of 
polarisation on the reception problem are not 
discussed. 


The discussion after the reading of the paper is 
given on p. 571. 


R113.7.—THE ATTENUATION OF WIRELESS WAVES 
DUE TO THE RESISTANCE OF THE EARTH.— 
Dr. Smith-Rose and R. H. Barfield. (Journ. 
Inst. Elect. Engineers, July, 1926, pp. 766- 
770.) 
The following summary is given :— 


The paper calls attention to the present con- 
dition of knowledge on the subject of the attenua- 
tion of wireless waves travelling over the earth’s 
surface, due to energy absorption by the earth 
itself. The theories put forward on this problem 
by Sommerfeld and Zenneck are briefly outlined, 
and it is shown that the latter has taken account 
only of a special case of the more general theory 
of Sommerfeld. The results deduced from this 
theory have been worked out for some typical 
practical cases of both short- and long-wave 
transmissions, but, owing to the complete lack of 
experimental evidence, no practical test of the 
theory has yet been made. In view of the impor- 
tance of a knowledge of ground absorption in 
connection with the complete study of the propa- 
gation of wireless waves of all lengths over the 
earth's surface, it is highly desirable that a sys- 
tematic experimental investigation should be 
carried out in the near future. 
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R1r13.8.—VERSUCHE UBER DIE RICHTUNG DER 
HOHENSTRAHLUNG IM MEERESNIVEAU.—L. 
Mvssowsky and L. Tuwim. (Zeitschrift fiir 
Physik, 36, 8, pp. 615-622.) 

From observations made at Leningrad on the 
intensity of the penetrating cosmic radiation in 
different directions, it was concluded that the 
intensity is uniform and independent of the azi- 
muth, the rays all coming to the earth straight 
from above. 


R113.8.—LES GRANDES PERTURBATIONS ELEC- 
TROMAGNETIQUES DES QUATRE PREMIERS 
MOIS DE 1926, D’APRES LES ENREGISTRE- 
MENTS DE L'OBSERVATOIRE DE L'EBRE, 
TORTOSA (ESPAGNE).—I. Puig. (Comptes 
Rendus, 14th June, 1926, pp. 1482-1483.) 


R113.9.—POLARISATION OF RADIO Waves.—Dr. 
Alexanderson. (Jour. Amer. Inst. Elect. 
Engineers, July, 1926, pp. 636-640.) 


A paper presented at a regional meeting of the 
A.I.E.E., Niagara Falls, May, 1926. Evidence is 
given leading the author to believe that horizontal 
polarisation is not confined to short waves. Direct 
‘observations of horizontal polarisation with long 
waves could be made only at great heights, but 
indirect observation through the etfect of ground 
‘currents can be made by ordinary direction finders 
on any wavelength. If the theory is correct it 
means that the irregularities of direction-finder 
indications recorded on long waves can be ex- 
plained by the presence of horizontally-polarised 
wave components and are not due to the wave 
actually coming from unexpected directions. 


R1r14.—ON THE NATURE OF ATMOSPHERICS, II. 
—Dr. Appleton, R. A. Watson Watt, and 
J. F. Herd. (Roy. Soc. Proc., A., July, 1926, 
pp. 615-653.) 

1. The paper describes the development of work, 
‘reported in an earlier communication (April, 1923), 
on the oscillographic examination of the charac- 
‘teristics of atmospheric electric disturbances of 
‘short duration. The method now involves the 
use of a cathode-ray oscillograph with a time- 
base which is both uniform in scale and unam- 
biguous as to time-sense. The apparatus and 
methods described include a series of station 
‘tests for checking the performance of the assembly. 
The basis of the methods used is re-discussed. 


2. Statistical analyses of approximately 8,000 
individual drawings of atmospheric wave forms 
are tabulated and summarised. A more detailed 
sub-classification is based on the improved dis- 
‘crimination afforded by the unambiguous time- 
base. Sensibly aperiodic discharges were three 
times as numerous as were quasi-periodics ; pre- 
-dominantly positive discharges were one and a- 
half times as numerous as were negatives. The 
mean quasi-periodic had a peak field strength of 
‘0.156 v/m., the aperiodic 0.075 vim. The 
Negative discharges of both types were stronger 
by 20 per cent. to 30 per cent. than the positives. 
“The mean quasi-periodic had a duration 3.125yus, 
_30 per cent. greater than that of the mean aperiodic. 
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The most frequently occurring form of atmos- 
pheric was a symmetrical rounded positive aperio- 
dic, forming 14 per cent. of the whole distribution. 
The most frequent quasi-periodic, forming 7} 
per cent. of the distribution, had a peaked positive 
half-cycle followed by a single rounded negative 
half-cycle. 

3. Examination of the fine structure of atmos- 
pherics shows a frequent ‘’ ripple period '”” of the 
order of roous. Typical oscillograms of fine 
structure as observed in dark hours in the Tropics 
are reproduced. 


RII4.-ON THE NATURE OF ATMOSPHERICS, III. 
—Dr. Appleton, R. A. Watson Watt, and 
J. F. Herd. (Roy. Soc. Proc., A, July, 1926, 
Pp. 654-677.) 

A paper, continuing the account of the investi- 
gation of atmospherics, summarised as follows :— 

1. The experiments on atmospheric wave-forms 
recorded in preceding papers have been supple- 
mented by observations in the nett changes of the 
earth's electric field, resulting from lightning dis- 
charges. These observations have been made at 
Aldershot, Cambridge, Helwan and Khartoum, 
and show that, at distances greater than 50km 
from the discharge channel, negative changes of 
field are at least 1.7 times as frequent as are posi- 
tive changes. Since the field-changes at such 
distances may be taken as indicative of the sign 
of the thundercloud moment destroyed by the 
flash, it is concluded that lightning flashes resulting 
in the destruction of positive electric moments 
are at least 1.7 times as frequent as are those of 
opposite character. 

2. A satisfactory reconciliation with Prof. 
Wilson's determination of the electric field changes 
produced by lightning discharges within 25km, 
in which an opposite preponderance of sign was 
obtained, is possible if thunderclouds are assumed 
to be bi-polar. Other evidence of such bi-polarity 
is cited. 

3. It is shown that a frequently occurring type 
of thunderstorm mechanism is one which elevates 
the positive charge above the negative. This 
type of thundercloud polarity is that required by 
Prof. Wilson's “theory of the maintenance of the 
earth's negative charge. 

4. Lightning discharges are shown to be capable 
of producing radiation fields similar in wave-form 
and magnitude to those of atmospherics of distant 
origin. 

5. An Appendix deals with the theory of the 
linear time-base used in the observations on wave- 


forms. 


(The 


Ri14.—A Static RECORDER.—H. T. Friis. 
1926, 


Bell System Technical Journal, April, 
pp. 282-291.) 
The following synopsis is given :— 
This paper discusses different types of apparatus 
for recording static and also describes a new 
instrument in which the output of the set is kept 
constant by automatic control of the ampliti- 
cation, this amplification then being recorded as 
the relative measure of static. The set makes 
use of a flux-meter with zero restoring torque by 
means of which the rectified output current arising 
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from static interference is integrated over a period 
of ten seconds. The following five seconds are 
required to adjust the gain of the amplifier and 
record the charge in gains from an arbitrary level. 
The gain is recorded in steps of 4 T.U. which corre- 
spond to a power amplification change by approxi- 
mately a factor of 2.5. A record is shown during 
Which the intensity of static changed by a factor 
of more than 10,000. 


Ri14.-SUR DES ENREGISTREMENTS DU CHAMP 
ELECTRIQUE DE L'ATMOSPHERE JUSQU'A 
20,000 M. D’ALTITUDE.—P. Idrac. (Comptes 
Rendus, 28th June, 1926, pp. 1634-1635.) 


A brief account of measurements pointing to 
the conclusion that the electric field of the atmos- 
phere can attain high values (exceeding 40 volts 
per metre) at about 10-1z2km, in the neighbour- 
hood of the isothermal layer. 


R1i14.— DIRECTION DETERMINATIONS OF ATMOS- 
PHERIC DISTURBANCES ON THE ISTHMUS OF 
PANAMA.—Dr. Austin. (Proc. Inst. Radio 
Engineers, June, 1926, pp. 373—376.) 

It has long been known that atmospheric dis- 
turbances in general originate over land rather 
than over the ocean and that the sources of tropical 
disturbances seem to follow the sun in its changing 
path between the northern and southern hemi- 
spheres. 

Like this in Panama (10° north), the atmospheric 
disturbances would be expected to come chiefly 
from the mainland of South America in winter, 
and from the direction of Central America and 
Mexico in summer. During the rainy season, 
however,a considerable amount of local disturbance 


R, =5000-20000 OHMS 
Rg=200-1000 OHMS 


RECETVER 


could also be expected, generated in the low moun- 
tain chain which forms the backbone of the isthmus. 
The purpose of this investigation was to determine 
to what extent these local disturbances outweigh 
those coming from the larger land masses. 

Directional observations were made on the 
atmospheric disturbances at the U.S. naval stations 
at Balboa and Colon at the two ends of the Panama 
Canal. 

The apparatus used is shown diagrammatically 
above. 

It consisted of an 8 ft. coil antenna with 48 turns 
and a small single-wire antenna forming a uni- 
directional receiving combination. It is explained 


t 
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how good readings can be obtained by this method 
when no direction at all can be observed on the 
coil antenna alone. 

The results of the observations from February to 
November, 1925, are tabulated—the wavelengths 
employed were 14,000 and 20,000m. 

From the data the following conclusions are 
drawn :— 


1. During the dry season, from about January 
15th to April ist, the atmospheric disturbances 
both at Balboa and Colon come almost entirely 
from the South American continent, from the 
direction of the high Andes in Northern Colombia, 


2. When the dry season comes to an end and 
local storms begin to appear, the local disturbances 
from the low mountains of the isthmus begin to be 
prominent. This displaces the prevailing direction 
at Balboa from the south-east to the north, at 
times, but has little effect on the direction at Colon 
since the mountains containing the local centres of 
disturbance here lie to the south and east, or roughly 
in the direction of the disturbance sources in 
Colombia. 


3. In mid-summer, while there is probably 
much disturbance from Central America and 
Mexico, the local disturbances from the isthmus 
mask this to such an extent that the prevailing 
direction at (Colon continues roughly south-east, 
while at Balboa the distant and local disturbances 
unite to give a northerly or north-westerly direction. 

4. That from northern transmitting stations, 
Balboa and Colon should give nearly equally good 
unidirectional reception in the dry season, but 
during the rest of the year, when the disturbance 
conditions are more troublesome, Colon should have 
considerable advantage over Balboa. 


R125.—RICHTCHARAKTERISTIKEN VON ANTENNEN- 
KOMBINATIONEN.—Directional Characteristics 
of Combined Antenne.—A. Esau. (Zeit- 
schrift fir Hochfrequenz, 27, 5, pp. 142-150.) 

In this article a general formula is drawn up 

for the directional characteristic of the combina- 
tion of two antennas, of which both can be either 
directional or undirectional or one only directional. 
Since errors have been observed in directional 
determinations which might in many cases be due 
to the waves arriving in a slanting direction, the 
equation for the characteristic has been developed 
for a ray incident at any angle, and not confined 
to the horizontal plane. The equation also takes 
into account the alteration of the plane of polari- 
sation, which has been found to occur particularly 
with short waves, and its effect on the form of 
the characteristic. 

Let the two antenne A, and A, be a distance 

d apart, and their ditterent characteristics, repre- 

sented in polar co-ordinates, be 


n=f(a,B,y) and r1=g(a, B, y), 

where a is the angle that the incident wave makes 
with the line joining the feet of the antennz in 
the horizontal plane, $ is the angle of inclination 
to this plane, and y the angle through which 
the plane of polarisation has been turned from its 
normal position. 

Denoting the wavelength by A corresponding to 
a circular frequency w and the phase ditterence by 
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$, we obtain for the characteristic of the com- 
bination of the two :— 


r =r, +r; =f(a, P, y) sin wt--B(a, B, y), sin (wt--ĝ) 
or on simplifying 
r=V/ (Qi + 4fe cost $2 
where f(a,.B, y) and g(a, B, y) 
are abbreviated to f and g. 


The two special cases are discussed of the 
combination of 
(1) Two undirectional antenne, and 
(2) Two directional (frame) antenna, 


Undirectional antenne can be combined either 
so that the principal direction of incidence coin- 
cides with the line joining the feet of the antennz 
(series arrangement) or is perpendicular thereto 
(parallel arrangement). The sharpness of the 
characteristic for waves incident horizontally is 
considerably greater with the parallel arrangement 


than the series. For inclined waves (Zo), 


on the other hand, the directivity of the charac- 
teristic is in general sharper for the series arrange- 
ment than for the parallel. 

Two frames can also be combined either in 
series Or in parallel. The characteristic is sharper 
with the combination than with a single frame 
and also with the parallel arrangement than the 
series. For waves incident at an angle, the sharp- 
ness of the characteristic decreases with increasing 
angle of inclination. 


R132.—SMALL-SHOT EFFECT AND FLICKER EFFECT. 
—W. Schottky. (Physical Review, July, 
1926, pp. 74-103.) 

J. B. Johnson observed, under certain con- 
ditions (oxide coated and tungsten filaments, 
low frequencies, electron currents high but not 
high enough for space charge effects), voltage 
fluctuations across connected resonant circuits 
which were much larger than the theory of the 
small-shot effect would lead one to expect. Ana- 
lysing Johnson’s curves, it is found that this effect 
increases as the square of the electron current 
instead of as the first power as in the case of the 
small-shot effect. This fact supports Johnson’s 
hypothesis that the effect is independent of the 
shot effect and that it should be attributed to 
fluctuations in the properties of the surface 
(flickering) resulting in fluctuations in the electron 
current. The trend with the natural frequency of 
the connected circuit is likewise ditferent from that 
observed in the shot etfect. The elementary 
atomic process underlying the flicker ettect is the 
appearance of an individual foreign atom or 
molecule in the surface of the cathode, changing 
. the ability of the surface to emit electrons so long 
as the foreign atom remains. The influence 
exerted upon the current by foreign atoms in the 
surface may be calculated with sufficient approxi- 
mation from the electrical image theory and 
Langmuir's doublet theory. A value is given for 
the mean square voltage fluctuation produced by 
the etfect in terms of the impedance of the con- 
nected circuit, and formule are given for circuits 
of various kinds. Measurements with two cir- 
cuits, one being resonant and the other a pure 
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resistance, should provide a definite check of the 
calculated length of stay of the foreign atoms. 


R132.—UBER DIE KOMPENSATION DER ANODE- 
RÜCKWIRKUNG (On compensating back 
coupling in a valve).—L. Müller. Archiv. fur 
Elektrotechnik, June 14th, 1926, pp. 251—260. 


Certain theoretical deductions are made which 
agree qualitatively with the results of experimental 
tests. 


R132.—BEITRÄGE ZUR UNTERSUCHUNG DER VER- 
STÄKERTRANSFORMATOREN. (Contributions to 
the Investigations of Amplifier Transfor- 
mers.—L. Müller (Archiv. für Elektrotechnik, 
June 14th, 1926, pp. 219—250. 

Detailed theoretical and experimental considera- 
tion of the grid transformer. 


R134.—LES DIFFÉRENTES DÉTECTIONS PAR LAMPE 
ET L'AMELIORATION DE LA DETECTION.— 
Stephane Lwoff. (Radio Revue, July, 1926, 
pp. 91-98.) 

An instructional article on valve rectification. 
After first considering energy in an alternating or 
oscillating circuit, and the general action of recti- 
fication, the author deals with the theory of recti- 
fication and considerations of power and maximum 
efficiency. Various methods of valve detection 
are then discussed, ¢.g., with two-electrode valves, 
with three-electrode valves using grid or anode 
rectification, autodyne, etc. 


R138.—AUSTRITTSARBEIT BEI OXYDKATHODEN.— 
H. Rothe. (Zeitschrift für Physik, 36, 9/10, 
PP. 737-758.) 

The electron emission energy was determined 
for several valves with oxide cathodes and found 
to be extremely small, both when using Richardson's 
equation and the cooling effect produced by the 
emission. It was observed that when the emission 
current was below the saturation value the cooling 
effect was considerably greater than that corre- 
sponding to the energy of emission. With regard 
to the relation between the emission from these 
cathodes and the amount of gas removed from 
them, it appears that it is not possible entirely to 
free them from gas, owing to the emission current 
passing radially through the oxide layer decom- 
posing the oxide and thus constantly producing 
new gas. It is thought that the high emission of 
these “cathodes is due to the metal particles pro- 
duced by this decomposition which remain em- 
bedded in the oxide. Study was made of a fatigue 
effect which was observed in nearly all the valves, 
producing a rapid falling off of the emission cur- 
rent with the time. 


R138.—MAINTAINING A CONSTANT READING ON AN 
AMMETER IN THE FILAMENT BATTERY 
CIRCUIT OF A THERMIONIC TRIODE.—E. 
Banner. (Proc. Inst. Radio Engineers, 

. June, 1926, pp. 325—331.) 
The trouble experienced in determining what is 

a constant filament current is stated at length 

in a paper read before the Wireless Section of the 

Institution of Electrical Engineers on March roth, 

1921: “The Effect of Electron Emission on the 
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“Temperature of the Filament Anode of a Ther- 
mionic Valve,” by G. Stead (Vol. 59, p. 427). 
Most of the speakers in the discussion emphasised 
the point and no satisfactory solution was arrived 
at. The present research was undertaken with 
the idea of supplying a solution to the problem. 

The writer first states 
the case as generally ac- 
cepted, that the switching 
on of the anode battery 
makes it impossible to 
maintain the filament 
current constant, showing 
that, for accurate work, a 
-statement that the filament 
current was constant dur- 
ing any particular test is 
void, unless the method 
-of connection and the 
position of the ammeter 
are given. He then de- 
scribes his investigation to 
find whether any position 
of the ammeter and a method of connecting the 
.anode battery were possible, so that the ammeter 
reading would be unaffected by any variation in 
the anode current. He succeeded in devising such 
a circuit, which is shown in the diagram. 

One ammeter only is used, which may be in 
either the positive or the negative lead, as shown. 


N-I 


R138.—ANLAUFSTROM UND GESCHWINDIGKEITS- 
VERTEILUNG BEI OX YDKATHODEN.—H.Rothe, 
(Zeitschrift fir Physik, 37, 6, pp. 414-418.) 

The velocity distribution of electrons emitted 
from industrial triodes with oxide cathodes was 

.determined by measurement of the initial current. 

Maxwell’s law of distribution was found obeyed, 

although the average velocity of the electrons was 

1.5 to 2.2 times as large as required by the cathode 

“temperature according to the kinetic theory of 

gases. 


R138.—A TEMPERATURE SCALE FOR TUNGSTEN. 
—H. A. Jones. (Physical Review, July, 
1926, pp. 202-207.) 


Account is given of the measurement of the 
temperature variation of the resistance of tungsten 
from 273°k to 3655°k, and the temperature 
variation of the rate of radiation from tungsten 
filaments. The results are tabulated and com- 
pared with those of other investigators. ° 


R139.—WARUM KEHREN SICH DIE FUR DEN LICHT- 
BOGEN GULTIGEN STABILITATSBEDINGUNGEN 
BEI ELEKTRONENROHREN UM? (Why are 
the conditions of stability that hold for the 
arc reversed in the case of valves ?)—H. 
Barkhausen. (Zeitschrift für Hochfrequenz, 
27, 5, PP. 150-153.) 

Arcs and valves behave exactly oppositely as 
-concerns their stability regarding direct current 
(sudden changes) and alternating current (self- 
-excitation of oscillations). All that increases 
stability with the arc (prevents sudden changes 
or oscillations) diminishes it in the case of the valve 
{favours these sudden changes or oscillations, and 
-vice versa). 
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The difference physically lies in the fact that, 
in the arc, tension changes are caused by current 
changes, while in the valve current changes are 
caused by tension changes. Mathematically the 
succession of changes conditioned submits to calcu- 
lation by assigning inductivity to the arc and 
capacity to the valve. 


R.148.1.—COMMENT EVITER LES DEFORMATIONS DE 
LA VOIX EN TELEPHONIE SANS FIL (How 
to avoid speech distortion in wireless 
telephony.)— (Radio Electricité, June ioth, 
1926, pp. 219-220.) 


Continuation of an article begun in Radio 
Electricité for May ioth (these abstracts, p. 457, 
July, 1926), when deformation due to the tuning 
system and reaction was discussed. This instal- 
ment considers the distortion arising from detection. 


R200. MEASUREMENTS AND STANDARDS. 


R210.—NEw RADIO DEVICES OF FIXED PRECISION. 
(Radio News, July, 1926, pp. 32 and 91.) 


An account of the tiny apparatus, hermetically 
sealed and thus invariable, constructed by Dr. 
Loewe for measuring wave-frequencies with an 
error of less than a hundredth of 1 per cent. 


R213.—ESTABLISHMENT OF RADIO STANDARDS OF 
FREQUENCY BY THE USE OF A HARMONIC 
AMPLIFIER.—C. Jolliffe and G. Hazen. 
(Physical Review, June, 1926, p. 815.) 


Abstract of paper presented at April meeting of 
American Physical Society. 

One method used by the Bureau of Standards 
in establishing radio standards of frequency consists 
in the “ stepping up '' from a known standard audio 
frequency to a radio frequency by the use of har- 
monics. The low-frequency output is carried 
through an amplifier arranged to distort and so 
produce harmonics. By means of tuned circuits a 
harmonic is selected which in turn serves as a 
fundamental for further distortion and amplification 
to give the desired frequency with sufficient power 
to operate the frequency meter under standardisa- 
tion. 

A fixed radio-frequency generator, such as a piezo 
oscillator, or a fixed audio-frequency generator, 
such as an electrically driven tuning fork, can 
likewise be standardised by the use of the harmonic 
amplifier with the addition of a sonometer for 
measuring an audio-frequency beat note produced 
by a harmonic from the standard audio-frequency 
source and the fundamental or haimonic from the 
fixed-frequency generator. The frequency of the 
beat note is impressed on the steel wire of the 
sonometer by means of a telephone receiver 
magnet. The vibration frequency of the wire is 
calculated by means of the constants of the wire 
and the tension applied. 


R225.—WAVE FORM OF FREE ELECTRICAL OSCIL- 
LATIONS : SELF-CAPACITY EFFECT IN MULTI- 
LAYER COILS.—A. Astin. (Physical Review, 
June, 1926, p. 815.) 

Abstract of paper presented at April meeting of 

American Physical Society. 


THE WIRELESS ENGINEER 


Observations are made of the wave form of the 
free oscillations of a section or sections of a multi- 
layer coil, by itself and with added capacities, using 
the drop chronograph method developed by J. C. 
Hubbard (Physical Review, 9, 529, 1917). The 
results are used to determine the periods, self 
capacities and damping factors of the coil. 


R240.—RESISTANCE DES CONDENSATEURS.—F. 
Flaud. L’Onde Electrique, June, 1926, pp. 
263—275. 

It is stated that the resistance of a condenser 
giving rise to losses of energy should be defined as 
the quotient of the loss of power corresponding to 
the current through it and the square of the effective 
intensity of this current; that it is a mistake that 
this definition has not always been adopted and has 
resulted in some confusion. 

Starting from this definition the author finds 
expressions for these resistances in different cases 
and shows how they vary with the frequency. He 
states that the methods employed to measure these 
resistances are generally at fault and indicates what 
modifications they should undergo to render them 
correct. 

Following the article there is a reply from M. 
Mesny to certain objections the author has made to 
what he has written on the subject. 


R261.—VALVE VOLTMETERS AND THEIR APPLI- 
CATION TO HIGH FREQUENCY MEASURE- 
MENT.—S. Chiba and S. Kitta. (Journ. 
Inst. Elect. Engineers of Japan, June, 1926, 
pp. 612-621.) 


Three types of valve voltmeter are described :— 

1. The Moullin A type, utilising the plate 
current-grid voltage characteristic. 

2. The Moullin B type, utilising the grid 
current-grid voltage characteristic. 

3. A third type utilising both these charac- 
teristics (to which Siemen’s audio-frequency volt- 
meter belongs). 

The authors’ tests result in their recommending 
the third type, used with a blocking condenser and 
leak resistance in the grid circuit. 


R281.—DIELECTRIC ABSORPTION AND THEORIES 
OF DIELECTRIC BEHAVIOUR.—Prof. White- 
head. (Journ. Amer. Inst. Elect. Engineers, 
June, 1926, pp. 515-524.) 

Abridgement of a paper presented at the February 

Convention of the A.I.E.E., New York, from whom 

copies of the complete paper are available, in- 

cluding an extensive bibliography of the subject. 
A brief summary of the paper is given below :— 


1. Dielectric absorption is a conspicuous but 
little understood phenomenon : its general character 
is well known as shown by the decay, with time, 
of the changing current, residual change, etc. ; 
however, exact and definite forms of even the 
empirical laws are still lacking. 

2. Only solids show the complete absorption 
phenomena of charge and discharge. Liquids 
often show an apparent absorption in charging 
but no residual phenomena. . Nearly all solid 
dielectrics show some absorption, though in some 
substances in a very pure state, e.g., sulphur, 
quartz, paraffin, it is very small if not negligible. 
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3. Large changes in the absorption of solids may 
be caused by extremely small changes in com- 
position. Impurities and moisture in very small 
amounts may cause large changes in absorption. 

4. The charging absorption current merges into 
a final steady conduction current; both are 
strongly increased by increase of temperature, 
the absorption finally disappearing or changing 
into conduction. 

5. The alternating losses in solid dielectrics are 
due almost entirely to absorption, shown by 
theoretical analysis and confirmed by experiment. 
The losses due to conductivity are usually very 
small compared with those due to absorption, 
and there is no evidence of losses of other types. 
There is nothing to indicate a hysteresis loss of the 
character pertaining to magnetic materials. 

6. Theories of the ultimate nature of the phe- 
nomenon of absorption are :— 


(a) That it arises in the mixture of two or 
more dielectrics, and depends only on the known 
quantities, conductivity and specific inductive 
capacity. This is Maxwell’s theory. 


(b) That it is due to anomalous relation 
between electric displacement and electric force, 
the seat of which is within the molecule or 
atom. (Pellat.) 


(c) That it may be explained by Lorenz's 
theory of electron motion within the structure 
of the atom. (Decombe.) 


(d) That it is due to water in capillaries or 
interstices in the body of the dielectric. 


Finally, the phenomenon of absorption is in 
great need of further investigation. 


R300.—APPARATUS AND EQUIPMENT. 


R334.—THE DOUBLE-GRID TUBE.—H. Gernsback. 
(Radio News, August, 1926, p. 103.) 


An enumeration of the advantages of the four- 
electrode valve over the triode, the chief being :— 

1. An amplification factor almost three times 
as great without any increase in the internal out- 
put impedance. 

2. The elimination of capacity effect between 
plate and grid. 

3. Circuits of greater sensitivity and efficiency. 


R334.—THE FoUR-ELECIRODE VALVE.—A. Castel- 


lain. (Wireless World, 21st July, 1926, 
PP. 90-91.) 
R334.—LE “ CRYPTADYNE ' — UNE NOUVELLE 


UTILISATION DE LA BIGRILLE. (The “ Cryp- 
tadyne '—A new use of the four-electrode 
valve).—G. Thébault. (Radio Revue, July, 
1926, pp. 89-91.) 

It is shown that when the outer grid of a four- 
electrode valve is at zero potential, the currents 
in the anode circuit and in the inner grid circuit 
are of nearly equal value, with characteristics, and 
of opposite slopes, the former increasing and the 
latter decreasing as a positive potential is applied 
to the outer grid. If an alternating voltage be 
applied to the outer grid with telephones in the 
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inner grid and anode circuits, sensibly equal 


sounds are heard in each telephone. 


obtained in the usual manner as shown. The appli- 
cation of the arrangement to an additional stage is 


inner grid and anode circuits. Only the usual 
four-electrode valve H.T. of about I2 volts is 


R.337.351.—MECHANICAL AND ELECTRICAL Vi- 
BRATIONS.—Dr. Eccles and Dr. Leyshon. 
(Electrician, 16th July, 1926, pp. 65 
and 72.) . 


The authors have investigated some direct 


flashing circuit, the multivibrator, or generally 
with conductors possessing so-called “ negative 


Fig. 1. 


The new method is explained here as it is carried 
out in co-operation with a modified form of the well- 


1922). 

The method consists in adding an electromagnet 
to the neon lamp circuit and adjusting the rate of 
flashing until it is approximately equal to the 
frequency of the given tuning fork; the fork can 
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then be driven by means of the electromagnet. 

When this is done, the motion of the fork induces 
The arrangement of the figure below is shown as an electromotive force in the windings of the 
utilising the Principle, the currents in the split magnet which is sufficie 
primary of the transformer being additive in their flashing to Synchronise 


of the fork. Fig. r is a diagram of the simplest 
Circuit, but for convenience of manipulation, the 
apparatus is best arranged as indicated in Pig. 2. 


Fig. 2. 


The method may be used for generating electrical 


uency or 
for receiving wireless Signals by the heterodyne 


Oscillations of exceedingly constant freq 


R341.—La DETECTION PAR LAMPE CHAUFFEE 
EN ALTERNATIF (Detection by valve, 


heated with alternating Current).—R. 
Barthelemy. (Radio Revue, July, 1926, 


and it is suggested that there is a need for a valve 


specially constructed for use with alternating 
Current, 


R342.1.—INTERVALVE TRANSFORMER CORES.—Dr. 
McLachlan. (Wireless World, 14th July, 
1926, pp. 45-47.) ; 

Discussion of the Permeability of iron under 
speech amplifying conditions. ` 


: R342-7.—DESCRIPTION D'UN AMPLIFICATEUR BASSE 
FREQUENCE A GRANDE SELECTION (Descrip- 
tion of a low-frequency amplifier of high 
selectivity).—A, Pages. L'Onde Electrique, 
June, 1926, PP. 276—283.) | 

A paper presented at a meeting of the Société 

des Amis de la T.S.T., March 17th, 1926. 

Description of a Circuit-arrangement, for which 
patent rights have been applied, permitting very 
sharp and controllable resonance effects to be 
obtained. Retroactive coupling is employed in 


OD © aks E 
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phase opposition to the tensions to be amplified. 
This coupling is obtained by transformers, as perfect 
as possible, and the resonance etfects by shunting 
each coupling transformer with a system of imped- 
ances presenting at least one frequency of counter- 
resonance ; the investigation here is limited to the 
case where this system consists simply of one 
inductance and one capacity. 


R343. —SHORT-WAVE RECEIVING ŜETS.—L. Hatry. 
(Q.S.T., July, 1926, pp. 20-26.) 


Certain points are considered in the design of 
sets limited to a regenerative detector with audio 
amplification that are said to receive little atten- 
tion. 


R343-8.—DISCUSSION ON “' THE SHIELDED NEU- 
TRODYNE RECEIVER” BY DREYER AND 
Manson.—L. A. Hazeltine. (Proc. Inst. 
Radio Engineers, June, 1926, pp. 395—412.) 


The above paper (Proc. Inst. Radio Engineers, 
April, 1926, pp. 217—247) was largely a descriptive 
one, giving the final results of an engineering 
development for which the authors were mainly 
responsible. It is here supplemented by a theoretical 
discussion of some of the considerations that enter 
into the electrical design of a receiver employing 
tuned radio-frequency amplification. The most 
basic theoretical considerations are those of sensi- 
tivity, selectivity and fidelity, all of which are best 
illustrated graphically on a resonance curve, in 
which amplification is plotted against frequency : 
sensitivity is represented by the amplification at 
the resonant frequency ; selectivity, by the falling 
off in amplification as we depart considerably from 
the resonant frequency; and fidelity, by the uni- 
formity of amplification in the immediate neigh- 
bourhood of the resonant frequency. The equation 
of the resonance curve is derived and plotted for 
various values of the ratio of transformation with 
given values of the circuit constants. The etfect 
of varying the number of stages of amplification 
is also considered. With regard to the question of 
strays, the conclusion is drawn that the only 
effective way of minimising strays over the range 
of a receiver is to so design the audio-frequency 
amplifier and loud-speaker as to pass only the 
useful audio-frequencies and to attenuate all higher 
audible frequencies. 

Lastly, the effects on the resonance curve of an 
amplifier of slight lack of resonance in the different 
stages are considered, due in particular to accidental 
misalignment of the condensers when a common 
control is employed. | i 


R346.—LE MEILLEUR ExPOSE POUR EXPLIQUER 
LE FONCTIONNEMENT DE LA TELEPHONIE 
SANS FIL (The best discussion on the 
operation of wireless telephony).---J. Jam- 
met. (Radio Revue, July, 1926, pp. 102- 
106.) 

The final part of the paper which was awarded 
first prize in a competition by the Radio Club of 
France. Receiving apparatus with crystal (galena) 
detection is first illustrated and discussed, followed 
by the use of one or two stages of H.F. amplifi- 
cation with final crystal detection. Low frequency 
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amplification and valve detection (by cumulative 
grid) are then discussed. Reaction is then ex- 
plained, leading up to the oscillating circuits of a 
transmitter. 


R351.—LUMINOUS PIEZO-ELECTRIC RESONATOR. 
(Electrical World, 12th June, 1926, p. 1307.) 


Abstract of a paper by E. Giebe, appearing in 
E.T.Z., 47, 13, 1926, pp. 380-385. 

In an article published in 1922 in the Proc. Inst. 
Radio Engineers, W. G. Cady described the 
peculiar effect of small pieces of quartz, cut in a 
certain way, when subjected to an alternating 
current field. A combination of mechanical and 
electrical oscillations sets in which may lead to 
resonance and to vibrations of very pronounced 
amplitude. As the logarithmic decrement of 
these is very small, only about 7 x 10°, resonance 
occurs very sharply, for which reason Cady 
recommended the use of such crystals as resonators. 
The author discovered that if such a quartz rod 
is enclosed in a partly evacuated glass bulb, full 
resonance will cause a uniform glow of the rod. 
Partial resonance and higher harmonic oscillations 
manifest themselves as a partial luminosity of the 
rod. It is thus possible to determine by night the 
nature of the electric characteristics of a circuit 
by merely observing the quartz rod in the dark. 
Beautiful configurations can be produced by 
high harmonics, the paper containing photographs 
of the appearance of the quartz rod with up to the 
twenty-first harmonic. The use of these simple 
resonators is recommended for the regulation of a 
broadcasting station to proper wavelength. 

A brief account of piezo-electric wavemeters is 
given in the Wireless World for 14th July, 1926, 
pp. 65-66. 


R351.—QUARTZ CRYSTAL Mountincs.— J. Clayton. 
(Q.S.T., July, 1926, pp. 15-16.) 


R376.3.—CAN PERFECT LOUD-SPEAKER REPRO- 
DUCTION EVER BE ATTAINED ?—C. Balbi. 
(Electrical Review, gth July, 1926, pp. 50-52.) 


The reply is in the affirmative, but not by 
eliminating the causes that produce the irregu- 
larities in reproduction, since this proves too 
difficult, but by compensating for the irregularities 
by changing the character of the electrical input 
so as to neutralise their effect. This is done by 
dividing up the frequency range into a number of 
small bands by means of electric filters and bringing 
the response in each band to the required strength 
by an increase or decrease of amplification. 

DE- 


R380.—LA STANDARDISATION DES PIECES 


TACHEES (The standardisation of com- 
ponents).—(Radio Revue, July, 1926, pp. 
108-109.) 

A note, from Le Syndicat Professionel des 


Industries Radio-Electrique, on the need for stan- 
dardisation. Inductance coils and mounts are 
particularly dealt with, with notes on the dimen- 
sions and nomenclature recommended. 


R382.—TRANSMITTING COILS.—F. E. 
(Q.S.T., July, 1926, pp. 29-30.) 


Handy. 
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R500.—APPLICATIONS AND USES. 


R510.—LES Nouveaux RADIOPHARES FRANCAIS 
(The new French radio beacons).—A. Blondel. 
(Annales des Postes Télégraphes et Téléphones 
June, 1926, pp. 478—491.) 

Three types are distinguished :— 


1. Land-fall beacons, of long range, working for 
five minutes at the beginning of every hour, what- 
ever the weather. Such are being erected at La 
Hague, Belle-Ile, La Coubre, Porquerolles. and 
Ouessant. A circuit diagram of this latter beacon 


is. shown below :— 
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2. Fog beacons of shorter range which are to 
number twenty-five—Sandettié and Gris-Nez being 
already in operation. 

3. Beacons at the entry to ports, of which there 
will be nine (Boulogne, Havre, etc.). 


All three types will work automatically and 
employ in general modulated continuous waves. 


R542.—METHODS OF HIGH QUALITY RECORDING 
AND REPRODUCING OF MUSIC AND SPEECH 
BASED ON TELEPHONE RESEARCH.—(Max- 
field and Harrison). (Journ. Amer. Inst. 
Elect. Engineers, July, 1926, pp. 676-679.) 


Discussion of the paper that was published in 
Journ. A.I.E.E. for March, 1926. 
R545.—FEEDING THE ANTENNA.—R. Kruse. 


(Q.S.T., July, 1926, pp. 8-14.) 


R545.—PROGRESS AND PLANS AT FIVE METERS— 
AND BELOW.—R. Kruse. (Q.S.T., July, 


1926, pp. 34-37.) 


R550.—IRIsH FREE STATE—NEW STATIONS. 
(Electrical Review, gth July, 1926, p. 104.) 


The Minister of Posts and Telegraphs has an- 
nounced that the Government proposes to build 
a high-power station in the Midlands of the Free 
State, and three smaller stations at Cork, Galway 
and Bundivar, County Donegal. Thus, with the 
Dublin station, there will be five stations in the 
26 counties. It is estimated that the four new 
stations will cost £29,000, that the smaller ones 
will be completed during the next 12 months, and 
the high-power station within two years. 
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R570.—SuR UN NOUVEAU MOTEUR SYNCHRONE A 
INDUCTION DEMARRANT AUTOMATIQUEMENT, 
ET POUVANT ETRE ACTIONNE PAR ONDES 
HERTZIENNES MODULEES EN VUE DE RÉ- 
SOUDRE LES PROBLEMES DE TELEINDICATION 
ET DE TELEVISION (On a new synchronous 
induction motor starting automatically, 
capable of being set in motion by modulated 
Hertzian waves, for solving problems in 
connection with signal transmission and 
television.) —J.L. Rontin. (Comptes Rendus, 
May 17th, 1926, pp. 1207—1209.) 


The motor is shown diagrammatically in the 
figure, where A isa source of alternating current of 
frequency f; B is a rotating interrupter worked 
at a speed of N turns per sec. (N being a sub- 
multiple of f), adjusted so that the duration of the 
emissions is equal to that of the interruptions ; 
C is a first inductor supplied by 4 each time that B 
is closed ; Dis a second inductor, out of phase with 
A, connected up in parallel with 4 through the 
condenser E; F is a metal disc mounted on the 
shaft G; the disc F is cut so as to have m teeth 


separated by notches of equal width (in the 
figure "=2). 


R594.—L’ORGANISATION RADIOPHONIQUE EN ALLE- 
MAGNE. (Radio Revue, July, 1926, p. 107.) 


A short note on wireless telephony stations, 
working or imminent, in Germany, and on mari- 
time radio telephony. 


R600.—STATIONS : DESIGN, OPERATION, AND 
MANAGEMENT. 


R611.—RADIO-TELEGRAPHY IN BRAZIL. 
(Electrical Review, 16th July, 1926, p. 93.) 


A brief account of the new high-power station 
recently opened at Rio de Janeiro, for communi- 
cation between Brazil and other South American 
countries, as well as with the North American 
Continent, Australia, South Africa, and the coun- 
tries of Europe. The equipment includes a 20,000- 
metre-ampere valve transmitter, an aerial carried 
by 8oo ft. high steel masts, and an earth-screen 
supported by short masts. 
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R612.—TRANSMISSION EN ONDES ĈOURTES (Short 
wave transmission).—H. Chireix. (L'Onde 
Electrique, June, 1926, pp. 237—262.) 


A paper presented at a meeting of La Société des 
Amis de la T.S.F., April 21st, 1926.) 

Among short-wave commercial communications 
mention is made of: Issy-les-Moulineaux—Djibonti, 
Sainte-Assise—Buenos Ayres, Nauen—Buenos Ayres, 
and New York—Buenos Ayres. The chief technical 
problems to be solved in the production of trans- 
mitters of considerable power are the following :— 


1. The development of oscillating valves able 
to resist the high tensions and intense high-fre- 
quency currents passing through them. 

2. The elimination of alien capacities and the 
reduction of losses by suitable circuit arrangements, 
with a view to increasing the frequency emitted 
and securing good efficiency for the installation. 

3. Obtaining as stable a frequency as possible so 
as to profit to the fullest extent by the phenomena 
of resonance and to permit heterodyne reception. 

These questions are discussed here in detail, 
together with the solutions that have been adopted 
by La Société Francaise Radio-electrique, particu- 
larly as concerns the attainment of stable frequency. 

Lastly, considerable attention is directed to 
antennz that are specially suitable for short waves. 


R012.—UNDER 50 METRES. 
July, 1926, p. 68.) 
A list of the world’s stations (50) operating on 
waves of less than 50 metres. 


(Scientific American, 
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R616.—WIRELESS AND POLAR EXPLORATION.— 
(Electrician, 9th July, 1926, pp. 43-44.) 

Details are given of the equipment on the airship 
Norge 1., including the direction-finding system. 


R300.—NON-RADIO SUBJECTS. 


538.— THE GENERATION OF VERY INTENSE MAG- 

NETIC FIELDS.—Dr. Wall. (Journ. Inst. 

Elect. Engineers, July, 1926, pp. 745-757.) 

A method for generating magnetic fields of the 

order of magnitude of one million gauss is des- 

cribed, also the means used to measure the value 

and frequency of the heavy transient currents 
producing these fields. 


538.—THE Loss oF ENERGY IN METAL PLATES 
OF FINITE THICKNESS, DUE TO EpDDy 
CURRENTS PRODUCED BY ALTERNATING 
MAGNETIC FiELDs.—Dr. Marchant and J. 
Miler. (Roy. Soc. Proc. A, July, 1920, 
pp. 604-614.) 

539.—ZuR THEORIE DES THERMIONENEFFEKTES, I. 
—N. v. Raschevsky. (Zeitschrift fur Physik, 
36, 8, pp. 628-637.) 

539.1.—THE MECHANICS OF THE ELECTRIC FIELD. 
—Sir J. J. Thomson. (Journ. Inst. Elect. 
Engineers, July, 1926, pp. 721-7206.) 

The seventeenth Kelvin lecture. The lecturer 
puts forward considerations which suggest that 
electrons and protons are not the ultimate con- 
stituents of matter, but are capable of, further 
sub-division. 


Esperanto Section. 
Abstracts of the Technical Articles in our last Issue. 


Esperanto -Sekcio. 


Resumoj de la Teknikaj Artikoloj en nia lasta Numero. 


R000. RADIO GENERALE. 


Ro50.—RESUMOJ KAJ ALUDOJ. 

Kompilita de la Radio Research Board (Radio- 
Esplorada Komitato), kaj publikigita laŭ aranĝo 
kun la Brita Registara Fako de Scienca kaj Indus- 
tria Esplorado. 


R100.—ĜENERALAJ PRINCIPOJ KAJ TEORIO. 


R131.—UZADO DE PLAT-KURENTAJ—PLAT-TENSIAJ 


KARAKTERIZOJ DUM STUDADO PRI LA 
FUNKCIADO DE VALVAJ CIRKVITOJ. —E. 
Green. o 


Daŭrigo de artikolo el la antaŭa numero, pri- 
traktanta la uzadon de anodkurentaj—anodvoltaj 
karakterizoj ĉe amplifaj cirkvitoj. Unue pri- 
traktitaj estas rezistance kuplitaj amplifikatoroj, 
poste agorditaj anodaj kaj transformatore kuplitaj 


amplifikatoroj. La apliko de ĉi tiuj kurvoj al 
oscilaj cirkvitoj kaj al grandpotencaj amplitikatoroj 
estas poste konsiderita, kaj sekve ilia uzado en la 
problemo de sendistorda grandpotenca amplifado. 
Apartaj ekzemploj estas cititaj, unue pri la valvo 
LS5, poste pri la valvo LS5A, kaj fine pri grand- 
potenca amplifikatoro por la modula amplifado de 
telefona sendilo, ekz., 6-Kilovata Brodkasta sendilo 
uzanta Sokbobenan reguligadon. 

Aldonita noto pritraktas la metodon ricevi la 
Ip—-Ep karakterizojn el grupo de la plikutimaj 
Ip—Eg karakterizoj (kiel tiuj ordinare donitaj 
de la fabrikistoj). 


RI44.-EFEKTIVA REZISTECO DE INDUKTANCAJ 
BOBENOJ JE RADIO-FREKVENCO.—PARTO 
1Va.—S. Butterworth. 


La daŭrigo de artikoloj el antaŭaj numeroj 
(resumitaj en ĉi tiu Sekcio en la Aŭgusta numero.) 
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La nombro da turnoj en bobeno estas diskutita, 
kaj la decido pri la plej taŭga fadena diametro, por 
kiu celo estas presita kurvo. La apliko de teorio 
estas ilustrita aparte pri desegno de 2,000HH 
bobeno (t.e., por agordo de proksimume 1,600 
metroj). 

Poste sekcio pritraktas la uzadon de dividitaj 
fadenoj. Oni citas esprimojn por la efektiva 
rezisteco de dividitaj konduktoroj, kaj tabelo 
montras komparojn pri la provado de formuloj 
kun observado. Poste diskutita estas la desegno de 
bobeno el dividita fadeno, kaj aparta ekzemplo 
donita. Oni komparas solidan kaj dividita-fadenan 
bobenojn, la komparo estante esprimita laŭ ter- 
minoj de “ pligrandigo ” jam sugestita de la aŭtoro 
kiel specifo de bobena funkciado. Aldono diskutas 
la kalkuladon de la meza elektra kampo super la 
vinda parto de induktancaj bobenoj. 


R200.— MEZUROJ KAJ NORMOJ. 
R230.—ANSTATAUAJOJ.—G. H. Watson. ' 


La artikolo priskribas metodon fari mezuron 
(de ferkerna induktanco) laŭ neordinara maniero 
per utiligo de disponeblaj instrumentoj. La 
cirkvito estis energiita pere de transformatoro, 
kies primaria kurento kaj sekundaria tensio estis 
mezuritaj per disponeblaj instrumentoj. La kurento 
tra la prova cirkvito povus esti kalkulita kaj ĝia 
indukteco ricevita laŭ la impedanco. 


R300-—APARATO KAJ EKIPAJO. 


R343.—PROBLEMOJ PRI DESEGNADO DE BROD- 
KASTAJ RICEVILOJ.—Lekcio farita de S-ro. 
P.P. Eckersley, Ĉef-Inĝeniero de la Brita 
Brodkasta Kompanio, antaŭ la Radio- 
Societo de Granda Britujo, je la 26a Majo, 
1926a. 


La lekcianto unue diskutis aparatojn por la 
ricevado de longdistanca brodkastado, sub la 
rubrikoj Neŭtrodinaj kaj Supersonaj. Koncerne 
ĉi tiun lastan, metodo estas montrita por apliki la 
batantan osciladon post neŭtraligita altfrekvenca 
ŝtupo, por ke ĝi estu neradianta. 

Poste li pritraktis ricevilojn por: la loka stacio, 
diskutante unue rektifadon, kun speciala aludo al la 
produkto de distordo. Traktante amplifadon, oni 
montris cirkviton por uzi kristalan rektifikatoron 
kun unu neŭtraligita altfrekvenca ŝtupo, kaj 
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sekvita de malaltfrekvencaj ŝtupoj, dum alia 
interesa cirkvito estis montrita por minimumigi la 
altfrekvencajn reakciojn, kiuj ofte okazas kiam 
rezistanca kapacita kuplo estas uzita por altfrek- 
venca amplifado. Fine la lekcianto montris kom- 
pletan ricevilon enkorpigantan ĉi tiujn kaj aliajn 
apartajn sugestojn pritraktitajn en la lekcio. 

Raporto pri la diskutado, kiu sekvis la lekcion, 
estas ankaŭ presita. 


R384.—ONDOMETRO POR MALLONGAJ ONDOJ.— 
A. E. Tubbs. 

Priskribo pri ondometro uzanta la cirkviton 
“Colpitts.” La instrumento estas uzebla por skalo 
de 15 ĝis 80 metroj, kaj la priskribo estas ĝenerala, 
por ebligi al konstruantoj utiligi disponeblajn 
konstruerojn. La skrenaj metodoj uzitaj de 
l'aŭtoro estas priskribitaj, kaj estas ankaŭ noto pri 
la metodo normigi la ondometron. 


R600. APLIKOJ KAJ UZOJ. 
R545.1.—' DX ” SENDADO PER RICEVA VALVO.— 
Gay. 
Raportoj pri la spertoj de l'aŭtoro je uzado de 
ricevaj valvoj ĉe malgranda ricevilo, kun kelkaj 
ĝeneralaj notoj pri DX (longdistanca) sendado. 


R300.—NE-RADIAJ TEMOJ. 


621.355.01.—NOVA TEORIO PRI LA PLUMBA AKUMU- 
LATORO.—Prof. G. W. O. Howe. 

Post komentado pri la nesufiĉeco de la malplinova 
teorio pri la kemia efiko de akumulatoroj, raporto 
sekvas pri nova teorio evoluigita de S-roj. Fery 
kaj Cheveneau. La ĉefa punkto interesa estas, ke 
la plene ŝargita pozitiva plato ne estas plumba 
dioksido (PbO,), sed plialta oksido (Pb,O;). La 
agoj necesigitaj en la nova teorio estas priskribitaj, 
kaj eksperimentaj rezultoj estas cititaj por subteni 
ĝin. La apliko de la teorio al sulfado kondukis 
al desegno de malgranda pilo nesulfadebla. 


510.—MATEMATIKOJ POR SENFADENAJ AMATOROJ.— 
F. M. Colebrook. 


Daŭrigo de la serio el antaŭaj numeroj. La nuna 
numero traktas pri Divido en Algebro, enhavante la 
Negativan Signon en Divido, diversajn farojn per 
Frakcioj, Dividon de Nulo, kaj noton pri la generalaj 
konkludoj de la fundamentaj reguloj pri Algebro 
jam pritraktitaj. 
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Correspondence. 


Letters oj interest to experimenters are always welcome. 


In publishing such communications 


the Editors do not necessarily endorse any technical or general statements which they may contain. 


j, the Heaviside Operator, and / —I. 
To the Editor, E.W.& W.E. 


SIR,—Since it is admitted that D is an operator 
to which the usual laws of algebra do not apply, 
the point of your comment on my last letter does 
not seem very clear. The correct method of 
obtaining the equation D2? =—w is, as pointed out 
by Mr. Riley and myself, by a repetition of the 
operator. Although, as you observe, it can also 
be obtained by algebraical multiplication, this 
derivation cannot be regarded as legitimate. 
Indeed, had the order of one of the equations been 
reversed, an inconsistent result would have been 
‘obtained by the same process. 

The correspondence has brought out the “' opera- 
tional ” character of D and of jw when used in 
place of D, for to 7 also, when used in this ‘‘ opera- 
tional ” sense, the laws of algebra do not apply. 
But as j is used algebraically for V —I, the precise 
meaning of this symbol in any instance is not clear, 
while its mode of treatment is also in doubt. Using 
-D for the operator, no trouble need arise. 

The confusion caused by an illegitimate use of 
D is, in my view, already created by the dual use 


of j for both vectorial operator and V —I. This 
dualism, as you, Sir, acknowledge, has been in the 
past a stumbling block to many wise men ; is it 
fair to our students to let it continue ? 
Murtle, W. A. BARCLAY. 
Aberdeenshire. 


A New Theory. 
To the Editor, EW.G W.E. 


SIR,—The interesting experiments described by 
Mr. Derek Shannon in the current issue of E.W.& 
W.E. seem to prove beyond doubt that the moon 
has an effect upon the propagation of radio waves, 
but the explanation suggested by him does not 
appear to be feasible. The gravitational deflexion 
of a ray of light grazing the sun’s surface is only 
of the order of 1 second of arc, so that the ettect 
of a much smaller body such as the moon at a 
distance of a quarter of a million miles, could not 
possibly be appreciable. 

It seems far more probable that the sun and moon 
set up tidal motions in the atmosphere, which change 
the disposition of the Heaviside layer. Professor 
Balfour Stewart, and more recently Professor 
Chapman, have used such a theory to explain the 
Giurnal variations in the earth’s magnetic field. 
There is also some barometric evidence of the 
existence of such atmospheric tides. 

In any case, it is highly desirable to obtain 
further observations, at different distances and on 
different wavelengths, and it is to be hoped that 
those who have the necessary facilities will give 
some attention to this problem. 


Reading. N. L. YATES-FISH (G5CA). 


Effective Resistance of Inductance Coils at Radio 
Frequency. 
To the Editor, E..W.& W.E. 


S1R,—In Part III. of Mr. Butterworth's paper 
on the effective resistance of coils, which appeared 
in the June number of the E.W.& W.E., reference 
was made to a factor K which was used by Professor 
Fortescue in his paper (J.I.E.E., Vol. 61, p. 933, 
1923). 

Mr. Butterworth obtained values by his method, 
which were very appreciably different to those of 
Professor Fortescue. 

The factor K? represents the average of the square 
of the magnetic field at the wires of the coils. 
Professor Fortescue calculated the value of K by 
dividing the coil into sections, working out the value 
of the square of the magnetic field due to the rest 
of the coil at the centre of each section and taking 
the mean of the values for all the sections. Ob- 
viously the method represents a great deal of heavy 
arithmetic, especially as the accuracy depends very - 
greatly on the number of sections taken. 
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In support of Mr. Butterworth’s calculations I 
would like to give some results I obtained in cal- 
culating the value of K. I started this work to 
check Professor Fortescue’s values but gave it up 
when Mr. Butterworth kindly made me acquainted 
with his work. 

I took a single layer coil having a length equal to 
its diameter, calculated the value K obtained by 
dividing the coil into various numbers of sections. 
The results are given in the following table :— 


No. of Sections. 5 11 21 41 


0.231 | 0.336 


0.39 0.42 
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I have plotted this value of K against the reci- 
procal of the number of sections as shown in the 
accompanying figure. 

The value obtained by Mr. Butterworth, who 
considers an infinite number of sections, is 0.460," 
and by Professor Fortescue is 0.52. If these two 
points are added to the curve it will be seen that 
Mr. Butterworth's result shows no discontinuity 
with the curve I calculated, while Professor For- 
tescue's does. 

Thus the two methods of computing K are in 
agreement, but Professor Fortescue probably made 
an error in the special case I considered. It would 
not be fair to suggest from this isolated case that 
all Professor Fortescue's values of K were incorrect, 
but greater reliance can probably be placed on Mr. 
Butterworth's results whose method for calculating 
K represents much less arithmetic and consequently 
fewer opportunities for errors of computation. 

National Physical Laboratory. 

RAYMOND M. WILMOTTE. 


[If six sections are taken—a very likely number— 
the value obtained is 0.26, which is exactly half the 
0.52 which is given as the value actually found by 
Prof. Fortescue. This strongly suggests that a 
2 has been overlooked somewhere.—Ep.] 


Fading and Mountains. 
To the Editor, EW. 6 W.E. 


SIR——The following facts may be of use to 
experimenters studying this subject. They refer 
to the broadcast waves (250-550) and no striking 
seasonal variations are recorded. 


vo K) 
VIRO 8) 
ATLANTIC 


PACIFIO IE MATEM LIMETO 
ANDES mts PAMPAS (PLAIN) 


In sketch, 1 is Santiago de Chile, 2 Los Andes 
Chile, 3 Puente del Inca just across the boundary 
in Argentina, 4 Mendoza, 5 Buenos Aires. 

At 1, 4 1s received with strong fading and 5 
with nominal fading, or often with slight. At 2, 
I is received without fading, 4 with strong fading, 
and 5 with normal or strong fading. At 3, the 
fading of 1 is incredibly strong (from absolute 
inaudibility in loud-speaker to unpleasant volume 
in same, within two minutes, and practically con- 
tinuous): 4 is received with little fading, and 5 
with average to heavy fading. At 4 (incidentally 
one of the worst places for atmospherics that I 
have ever found), 1 is received with heavy fading, 
5 with slight. At 5, I is received with fair fading, 
4 with slight. All the above are from personal 
experience. 

At a point about half-way between 3 and 4, 
I is received with very strong gfadin, though not 
as bad as at 3, 4 with practically no fading, 5 with 
shght to fair: at a point about half-way between 
4 and 5. I, 4 and 5 are all received with fair fading. 
These are from information given me by other 
amateurs. R. RAVEN-HART. 

Caletta, Livozno, Italy. 


€ Phil. Trans. A., Vol. 222, p. 59, 1921. 
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To the Editor, E.W.& W.E. 


SIR—Mr. A. Woodmansey states that the resist- 
ance of a cloud would be very high on account of 
its non-homogeneous character. May I point out 
that the resistance he considers is to direct current 
and not high frequency alternating currents with 
which we are here concerned. 

Compared with an ion a water particle in a cloud 
is large, and it is quite conceivable for conduction 
to occur from one side to the other of the globule. 
Under the action of alternating potentials the 
conduction would be periodically reversed. Ionic 
movement in liquids is comparatively slow, and in 
many cases would never reach the other side, but 
would return to their original position in phase 
with the inducing potential. The only result is an 
ether strain of the driving frequency with conse- 
quent emission of radio waves. Thus an effect of 
reflection is obtained and Mr. Woodmansey's 
argument is futile The case he quotes is not 
parallel, and the homogeneity of the cloud makes 
little difference. 

In addition I have conceived a further possible 
cloud action. All clouds normally possess an 
electric charge. (A positive charge is obtained in 
the process of vaporisation). When two equal 
spheres combine the radius of the new sphere is 
only 26 per cent. more than that of each original 
sphere. Now the capacity of a sphere is propor- 
tional to the radius. Therefore when two equal 
charged spheres combine there is an excess of 
charge of 37 per cent. In consequence the potential 
rises. The only limiting factor of this rise in 
pressure is the rate at which the charge will leak 
owing to the ionisation of the surrounding gas. 
Such leakages may be the cause of atmospherics. 
The air around the cloud will be very highly 
ionised as the area of this cloud is small compared 
with the total area of bodies of different potential, 
such as the earth and other clouds, forming the 
opposite electrode. The extent of this ionisation 
can rise far higher than in the Heaviside layer for 
this reason. In a cloud the potential forces ionisation 
until the surrounding air becomes an almost 
indefinitely good conductor with a limit provided 
only by the leakage rate of the charge. On the 
other hand, the Heaviside layer is only ionised by 
electronic bombardment from the sun. These 
electrons are driven off from their source by the 
light pressure and will continue to move away 
from the sun until a force in opposition forms an 
equilibrium. These electrons rapidly come to rest 
in the earth’s atmosphere ionising the air in doing 
so. An excess of electrons always exists here and 
a high negative potential results. This introduces 
an opposing force to the light pressure and further 
electrons are deflected forming the zodiacal light 
according to accepted theory. Thus it is seen that 
the limit of ionisation is provided by the light- 
pressure of the sun. 

Dr. Eccles has observed results similar to those 
reported by Mr. H. Piraux and attributed this to 
refraction. (See Journal, R.S.G.B., March, and 
EW. & W.E., May.) 

I regret that I have no tabulated data, all my 
previous observations being quite casual though 
perfectly definite. I propose, however, in the 
forthcoming winter to make a complete record. 


— om =— 
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Further, I propose, with assistance, to attempt to 
reflect waves of the order of 5 metres from clouds. 
This will present many practical difficulties, first 
and foremost being the P.M.G. 

I appeal to all observers, especially those with 
barometric records, 'to look through them and 
anything in support or direct opposition to this 
theory will they please report them, as I feel sure 
that many of the mysteries of variable reception 
will be interpreted thereby. 


N.16. W. H. Mappison (2BOX). 


Makeshifts. 
To the Editor, EW. 6 W.E. 

SIR—Having recently made numerous A.C. 
measurements of coils of the type referred to by 
Mr. H. G. Watson in the August issue, I was inter- 
ested to read of the method employed by him. I 
was rather surprised, however, that he did not turn 
his good fortune in possessing an electrostatic 
voltmeter to better profit by eliminating his rather 
doubtful assumptions regarding the current ratio 
of the transformer. me 

It is extremely unlikely that a small high ratio 
transformer would have an etficiency so near 100 
per cent. as to justify neglecting the difference. It 
was mentioned that the no-load current was not 
readable on a 2 amp instrument, but owing to the 
cramped scale usual with A.C. meters, such a current 
might easily be a very appreciable fraction of 
©.75 amp, and in this case, owing to the highly 
reactive load, would be nearly in phase with the 
load current. 

A sounder method is to put a known non-reactive 
resistance in series with the coil, and to measure 
the voltage across each in turn with an electrostatic 
or other non-disturbing voltmeter. It is compara- 
tively easy to get a reasonably non-reactive resist- 
ance at 50 cycles. The current may then be known 
accurately. 

It was only by using this method that I was able 
to avoid a much more serious error than that referred 
to above. Mr. Watson calculates the inductance 
from a knowledge of the impedance and the D.C. 
resistance in the usual manner. Unfortunately, for 
coils of this type, the results obtained thus are quite 
erroneous. In order to get a check on calculation 
I measured the voltage across coil and resistance in 
Series in addition to each separately. It is then 
quite a simple matter to obtain the phase angle as 
well as the magnitude of the voltage across the coil. 
and hence the inductanceand effective A.C. resistance. 
The latter was in some cases enormously greater 
than the D.C. resistance, as much as 20 times as 
great, depending on the A.C. current passing, on 
superimposed D.C., if any, and on the past history 
of the iron (e.g., previous passage of several milli- 
amps of D.C. through the coil). 

This result was so surprising at first sight that 
measurements were repeated using a different 
method of voltage measurement and very elaborate 
precautions against error. The results were sub- 
stantially the same, and were afterwards verified 
in other ways. 

ln passing, it may be mentioned that the induc- 
tance of such a coil shows wide variations quite 
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apart from the well-known saturation effect, and 
the value obtained depends upon a large number of 
variables, some of which cannot be specified with 
any degree of certainty. 

The measurement of iron-core coils is beset with 
many pitfalls, and the results when obtained are 
practically valueless unless the full circumstances 
are also indicated, which is a matter of more 
difficulty than appears at first sight. 


S.E.I2. MARCUS G. SCROGGIE. 


Inductance Coils Quantitatively Compared. 
To the Editor, E.W.6. W.E. 


SIR,—I have to thank Mr. A. L. M. Sowerby for 
the very full rejoinder he has made in your issue 
of August to my criticism in that of July. But his 
rejoinder has still not convinced me. 

He claims that my suggested procedure has the 
failing of which I accused him—the simultaneous 
change of several variables. Well, that resolves 
itself into the definition of “ variable '' for the 
present argument. If, for example, diameter of 
wire and spacing between turns are regarded as 
two separate variables, then his test given in 
Table II., p. 365, June issue, is conducted on right 
lines, and I am wrong. (It will be remembered that 
he wound a series of coils, all of one gauge, but with 
increasing spacing.) If, on the other hand. the 
ratio d/c (where d is wire diameter and c the spacing 
between centres of neighbouring turns) is regarded 
as one variable, then my procedure (July, p. 402) 
is reasonable and his is not. 

I based my suggestion on the fact that the 
whole theory of eddy current losses due to proximity 
of wires is based on the ration d/c. considered as 
one variable. 

My anxiety as to the accuracy of his method of 
test seems to be justified from the research point of 
view, though perhaps not from the purely practical 
standpoint. He gives a difterence of .r ohm as 
“ certainly unnoticed.” and .5 ohm as certainly 
noticeable in his tests. 

Now the inductance of all his coils is in the neigh- 
bourhood of 250pH, and the tests were carried out 
at about 380 metres. The reactance of the coils is. 
therefore, about 1.250 ohms. The power factor ofa 
reasonably good coil of the type indicated should 
most certainly not exceed .005, so that their resist- 
ance should be in the neighbourhood of 6 ohms. 
Putting .25 ohm as his limit of observation, we have 
an accuracy of 4 per cent. 

Certainly I am pleased to admit that his method 
has given very fair practical accuracy—in my 
previous letter I described it as ‘‘ open to question,” 
and the question has been answered. But l am 
still of the opinion that his selection and arrange- 
ment of coils is such that his tabulated results are 
not of as much use as they might have been. 

Detailed reasons for this would occupy too much 
space. If Mr. Sowerby would care to meet me to 
discuss the matter verbally. with a view to conclud- 
ing this correspondence by a joint final letter, I 
should be delighted to do so. 


Blackheath. P. K. TURNER. 
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Some Recent Patents. 


[RO08 


The following abstracts are prepared, with the permission of the Controller of H. M. Stationery Office, from 
Specifications obtainable al the Patent Office, 25, Southampton Buildings, London, W.C.2, price 1|- each. 


AN INTERESTING FRAME AERIAL. 

(A pplication date, 7th April, 1925. No. 254,036.) 

A very interesting frame aerial circuit particu- 
larly suitable for use with superheterodyne receivers 
is described by P. W. Willans in the above British 
Patent. Interference is frequently experienced 
when using superheterodyne receivers owing to the 
intermediate amplifier becoming directly energised 
by long wave signals. It is found that the presence 
of an inductance of appreciable area connected 
between the grid and filament of the first valve 
causes sufficient potential to be set up across it 
from longer wave stations to energise the inter- 
mediate amplifier, thereby causing interference. 
This difficulty is overcome according to this inven- 
tion by so arranging the aerial that it is substantially 
non-inductive at intermediate frequencies. The 
accompanying illustration should make the inven- 
tion quite clear, in which a valve V has connected 
between the grid and filament a frame aerial 
consisting of two portions A and B. The .two 
windings A and B are electrically equal, and are 
arranged so that they are coupled together and are 
wound in opposite directions. Neglecting the 
presence of the variable condenser C it will be 
obvious that since the two halves of the aerial are 
in opposition, the voltage existing between the 


grid and the filament, that is across the ends of the 
complete frame, will be substantially zero since the 
whole arrangement is non-inductive. One portion 
of the aerial B, however, is tuned by a variable 
condenser C, and thus the potential difference 
existing across the ends of the halves 4 and B 
respectively will be different. In other words, 
tuning the section B will cause a potential difference 
to be communicated to the grid and filament, 
thereby causing the valve to become operative. 
The section B is tuned to the desired frequency of 
reception by means of the condenser, and thus the 
valve will respond to signals at the desired frequency, 
while potential differences set up by longer wave 
wave stations will cause no interference effect. 


AN EDDY CURRENT LOUD-SPEAKER. 


(Convention date (U.S.A.), 21st April, 1924. 
No. 232,600.) 


A very novel form of loud-speaker functioning 
by virtue of eddy currents is described by the 
Westinghouse Electric and Manufacturing Com- 
pany, and J. Slepian in the above British Patent. 


The invention can best be understood by reference 
to accompanying illustration, which represents one 
form of the acoustic reproducer, or loud-speaker, 
connected to a source of energisation. The energisa- 
tion source comprises a battery B connected to a 
microphone M through a choke L. In shunt with 
the battery and choke is a coil C having an appreci- 
able area. Upon the coil is supported a membrane 
or diaphragm D consisting of a flat sheet of foil, 
such as gold leaf, or gold leaf reinforced with card- 
board, or other sheet material cemented to it. 
The battery B will cause a steady current flowing 
through the windings of the coil C, thereby setting 
up a magnetic field. Sound waves impinging upon 


the diaphragm of the microphone will cause its 
resistance to alter, thereby causing an alteration 
of current flowing through it, this alteration being 
proportional to the sound waves. Since the 
microphone circuit contains a choke L, potential 
variations will be set up across it, thereby producing 
a change in current flowing through the windings C. 
Fluctuating currents in the winding C will thereby 
cause a variation in eddy currents and the foil 
diaphragm will be alternately attracted and repelled 
by opposite half cycles of the microphone currents. 
In other words, the diaphragm will vibrate in 
sympathy with the microphone currents, thereby 
obtaining an ordinary loud-speaker effect. 


AN IMPULSE EXCITATION GENERATOR. 
(Convention date (Germany), 25th, July 1924. 
No. 237,585.) 

The Telefunken Gesellschaft fiir Drahtlose Tele- 
graphie M.B.H. describe in the above British 
Patent a method of generating very short waves 
by means of impulse excitation, in which a 
thermionic valve is used as an interruptor. Thus 
in the accompanying illustration it will be seen that 
a circuit LC is tuned to the desired frequency _of 
generation, and supplied through a source S. In 
series with the source of power is a valve V, the 
grid potential of which is controlled at XY from a 
source of high frequency current. The frequency 
of the exciting current is an integral fraction of the 
circuit LC, such as a half, a third, or a quarter. In 
addition, the voltage or current curve of the exciting 
valve is so arranged that the time during which the 
interruptor valve is conductive only lasts until the 
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high frequency circuit has passed a quarter of its 
oscillation phase; the exciting voltage must therefore 
rise rapidly, and then retain for a short time its 
maximum value, and finally remain quite low for at 
least three times as long. The working circuit thus 
receives the charging impulse during the first 
quarter of its oscillation phase, and oscillates for 


the remaining part of its period without supply of 
energy. The specification states that various means 
may be employed for obtaining the asymmetry of 
the control current, and mentions the use of coils 
containing iron which may be employed with or 
without auxiliary magnetisation. 


A SUPER-REGENERATIVE CIRCUIT. 
(Application date, roth March, 1925. No. 253,192.) 


A super-regenerative circuit is described by 
C. Seymour, D.S.O. and J. C. W. Drabble in the 
above British Patent. The advantage of the receiver, 
according to the invention, is the simplicity of 
control, which utilises one tuning adjustment, and 
one variation of the quenching frequency strength. 
The invention will be clearly understood by refer- 
ence to the accompanying illustration. The aerial 
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circuit contains an inductance L,, tightly coupled 
to a split inductance L, L, tuned by a variable 
condenser C,, the split inductance being connected 
by a fixed condenser C,. Inductance L, and Ls 
constituting the inductance of the quenching circuit, 
are associated with a condenser C}. The lower 


end of the grid circuit contains a resistance R, 
shunted by a blocking condenser C,, telephones 
T and H.T. battery B being shunted by the usual 
condensers. The anode circuit, in addition to 
containing half the split inductance L, , and one of 
the quenching inductances L;, contains a variable 
resistance R,. The specification gives alternate 
considerations of the principle by means of which 
the invention functions. It has been mentioned 
that the chief feature of the invention is the sim- 
plicity of control. The variable condenser C, is 
simply used to tune the receiver to the desired 
frequency, and the strength of the quenching 
oscillations, which is a critical factor in a super- 
regenerative circuit, is controlled by a variable 
resistance R,, which, of course, varies the anode 
potential. 


HETERODYNE RECEPTION. 


(Convention date (U.S.A.), 20th November, 1924. 
No. 243,371.) 


Marconi's Wireless Telegraph Company, Limited, 
A. N. Goldsmith, and A. F. van Dyck, describe 
in the above British Patent a system of heterodyne 


| 


reception employing a low pass filter. The specifica- 
tion mentions that with ordinary heterodyne 
reception it 1s possible to obtain more than one 
adjustment of the local oscillator for any desired 
beat note, thereby resulting in confusion. 

Again, one particular adjustment of the local 
oscillator results in the production of the desired 
beat frequency not only from desired signals, but 
from undesired signals as well, thereby introducing 
interference. Essentially, the invention consists 
in providing a low pass filter through which the 
received signals are passed before the local oscilla- 
tions are super-imposed, so that beat frequencies 
can be obtained only with the desired signals. 
Several modifications of the invention are described, 
and one is shown in the accompanying illustration. 
Thus. in the accompanying illustration, the aerial 
circuit comprises an inductance L, coupled to an 
inductance L, tuned by a variable condenser C}. 
The tuned circuit L, C,, tuned to the desired 
frequency of reception, is connected to a low pass 
filter LP, comprising variable condensers C}, 
Cy. Cg, and inductances L, and L, A local 
oscillator G is coupled by inductances Lg and Le 
the frequency being varied by the variable condenser 
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Cs. Further selectivity in this particular case is 
obtained by tbe introduction of two audio-frequency 
filters for the desired beat, which are shown, and 
F and F. 


A VALVE GENERATOR CIRCUIT. 
(Application date, 18th April, 1925. No. 254,424.) 


A valve generator circuit is described in the 
above British Patent by C. R. Burch, N. R. Davis 
and Metropolitan-Vickers Electrical Company, 
Limited, of the shunt supply type, that is, in which 
the valve is fed through a choke. Referring to the 
accompanying illustration, which shows one modi- 
fication of the invention, a valve V is provided with 
an oscillatory circuit L, C,, connected through a 
stopping condenser C to the anode 4 in the normal 
manner. The valve is supplied from a generator G 
through an inductance L,. The effective resistance 
of the circuit L, C,, or any load coupled to it, is a 
= minimum, that is, the loading on the valve Visa 
maximum when the circuit L, C, is connected 
directly to the anode. When connection of the 
circuit L, C, is made to a point, such as at X on 
the inductance L,, the effective resistance of the 
circuit L, C, is increased, this increase being 


proportional to the number of turns of the induct- 
ance L, between the anode and the connection X. 
In other words, the choke or inductance L, func- 
tions in the manner of a step-down auto-transformer. 
In order that the system shall generate oscillations 
an inductance L, is connected between the grid 
and filament of the valve, and is coupled to the 
inductance L,. The specification is fairly detailed 
and contains several modifications of the scheme. 


SUPPRESSING PARASITIC OSCILLATIONS. 
(Application date, 28th May, 1925. No. 254,472.) 


An interesting circuit is described by The Western 
Electric Company, Limited, in the above British 
Patent, and deals with the suppression of oscillations 
in a valve amplifier. The invention relates to a 
circuit of the balanced or neutralised type. and 
particularly to a modification containing a number 
of stages of amplification, and also to one containing 
valves of high magnification. The accompanying 
illustration shows one modification, and will no doubt 
be familiar to readers. The arrangement consists 
of an inductance L, tuned by a variable condenser 
C,, the mid point of the inductance being con- 
nected to the filament, one end to the grid of the 
valve, and the other end through a balancing 
capacity C, to the anode. The anode circuit 
contains an inductance L,, which is used to pass 
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on the output of this valve to the next. The balanc- 
ing capacity C, is substantially equal to the capacity 
existing between the grid and the filament, which 
may be considered as C;, and is shown dotted. 
This portion of the circuit is perfectly normal. 
The capacity C, representing the inter-electrode 
capacity of the valve, actually provides a path 
from the anode to the grid, which permits the 
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transference of waves from the output to the anode 
circuit, and may produce undesirable oscillations. 
In order to neutralise this effect a capacity G, is 
connected as indicated, and is actually in parallel 
with the inter-electrode valve capacity. Varying 
currents therefore flow through two parallel paths, 
through the respective halves of the inductance 
L,, with the result that substantially no potential 
variations are imposed upon the grid of the valve. 
The invention states that in practice, however, it 
has been found that the balancing capacity C, 
in parallel with the electrode capacity C, provides 
new paths in which oscillations may be generated. 
It is stated that this is due to the fact that the 
input circuit of the valve contains an inductance 
represented by the difference between the self 
inductance of L, and the mutual inductance between 
its two halves, and also that the anode circuit 
contains an inductance L,. It is well known that if 
inductances are contained in the anode and grid 
circuits of a valve, and there is no coupling between 
them, oscillations will be generated. Therefore, in 
order to prevent these oscillations a resistance R 
is inserted in the common filament lead, which 
tends to prevent the potentials reaching sufficient 
value to cause the valve to oscillate. We should 
imagine that this circuit would be of particular 
interest and value to amateurs who experience 
difficulty in stabilising multi-stage neutralised 
amplifiers. 


AN INTERESTING NEUTRALISED CIRCUIT. 
(Application date, 7th April, 1925. No. 253,277.) 


An interesting form of neutralised circuit is 
described by P. W. Willans in the above British 
Patent, the specification of which contains details 
of several modifications, one being shown in the 
accompanying illustration. The invention really 
consists in the use of a transformer comprising 
two portions A and B, one winding being connected 
between the grid and the filament, and the other 
winding being connected in series with a condenser 
C, which, in turn, is connected to the anode of the 
valve. The anode circuit consists of an impedance 
L in the form of a radio-frequency choke, or the 
winding of a transformer. A further feature of the 


THE WIRELESS ENGINEER 


invention is that the capacity C constitutes the 
major portion of the capacity in shunt to the 
inductance L. The figure also shows another 


modification in which a transformer of this type is 
Here, one winding X 


used in the anode circuit. 


is connected directly between the anode and the 
H.T., and the other winding Y is connected to the 
grid through a capacity. Here, again, the capacity 
K forms the major portion of the capacity in shunt 
with an inductance L,, connected, of course, this 
time in the grid circuit. This circuit should prove 
of interest to experimenters, and it is found to be 
very satisfactory in practice. 


A TUNING SYSTEM. 
(A pplication date, 5th October, 1925. No. 254,568.) 
L. Bonnet describes in the above British Patent 
a method of tuning which consists in short-circuiting 
the magnetic field of an inductance. The short- 
circuiting device consists of two concentric tubes 


T, and T, joined by a plate P, the tubes and the 
plate preferably being of copper. The inductance L 
is arranged so that its windings are between the 
two tubes, and means are provided for varying the 
tubes in relation to the inductance. It is stated 
that the two tubes act in the manner of a Faraday 
cage. 


A DOUBLE CONE. 
(Application date, 14th May, 1925. 


Another form of loud-speaker employing two 
cones is described by P. J. Mullaly in the above 
British Patent, and the form of construction should 


No. 253,687.) 
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be quite clear by reference to the acrompanying 
illustration. The loud-speaker is contained within 
a cabinet W provided with an open-work front O. 
Two cones A and B constitute the diaphragm, and 
are fixed at their peripheries to the front of the 
cabinet, as shown at X. The inner cone A has a 
more obtuse angle than the outer cone B, and the: 
apices of the two cones are connected to a wooden 


A Za 


+ 
d 


(LALL 


'PPESESESESEDELSLDSSSSESSESSKSKSSKSSGSLSSSLSDTNLNTS 


\ 
N 
| 
N 
N 
N 
| 
| 
NI 
À 
N 
N 


[pe 


plug N to which they are joined by a screw L. This 
screw communicates with an ordinary electro- 
magnetic system E, such as a telephone receiver, 
which is used to energise the cones. It is stated 
that the cones may be made of paper, parchment, 
thin wood, or metallic foil. 


A PIVOTED PANEL. 
(A pplication date, 29th May, 1925. No. 253.348.) 


Another system of set construction is described 
in the above British Patent by T. E. Haywood, 
T. A. E. Haywood, and A. Haywood, the object 
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the components of the receiver. 
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of the invention again being to facilitate access 
to the components of the receiver. The invention 
will be clearly understood by reference to the 
accompanying illustration, in which it will be seen 
that the cabinet C is provided with a panel P 
carrying a bracket framework B, which supports 
The panel P is 
pivoted at its base at X, and is maintained normally 
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in position by means of a knob-operated lock L. 
Flexible leads E are provided between the back of 
the cabinet and the terminals T and the receiver 
proper. In order to expose the contents of the 
cabinet, it is merely necessary to rotate the knob 
operating the lock L, and tilt the front panel 
forward about the point X. The pivot is so arranged 
that, if desired, the whole front panel can be 


withdrawn. 
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VALVE CONSTRUCTION. 
(A pplication date, 26th November,1925. No. 253,426.) 


Several types of valves have recently been devised 
in which the electrodes are duplicated, and are 
contained within one envelope. The accompanying 
illustration shows an arrangement of one which is 
claimed by W. Frudenthal and L. Kremner in the 


above British Patent. The anode A will be seen 
to be in the form of two cylinders, which are welded 
together at W, or fixed in any other convenient 
manner. Supports X carry two grids G, which are 
centrally disposed within the two anodes, the fila- 
ments F, of course, being arranged along the 
common axis of the two sets of grids and anodes. 
All the supports are sealed into a glass foot S, and 
the valve is provided with the usual four-pin cap C. 
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Editorial. 


The B.E.S.A. Glossary of Terms used in 
Electrical Engineering. 


N page 612 of this issue will be founda 
brief review of this publication and 


particulars as to price, etc. Ina paper 
read before the Engineering Section of the 
British Association at Oxford, on Wednesday, 
11th August, we made a vigorous protest 
against the unmerited slur which the British 
Engineering Standards Association has cast 
upon the fellow countrymen of Faraday, 
Clerk-Maxwell and Kelvin by giving its 
authoritative imprimatur to the publication 
of such a collection of definitions as are to be 
found on pages 11 to 18 of this book, and we 
expressed the hope that the Association would 
take immediate steps to recall it and issue 
a note asking those who had purchased 
copies to delete these pages pending their 
revision. The outcome of this has been the 
appointment by the British Association of 
a committee to co-operate with the B.E.S.A. 
in the revision of the definitions. We cannot 
here go into the definitions seriatim* but 
we may indicate briefly the sort of confusion 
which exists among the definitions of even 
the most fundamental magnetic and electric 
terms. Electrostatic Flux is defined as 
“The number of unit electrostatic tubes of 
force traversing a given surface. The total 


*The prez was published in full in the Elec- 
trician of 20th August, and in Engineering of 
20th August. 


flux over a surface enclosing a charge is 
equal to the charge.” Here we have a hope- 
less confusion between two different things, 
viz., the electric force and the flux or dis- 
placement produced by the force. lIn a 
condenser, for example, if the P.D. is fixed, 
the electric force is fixed, but the fiux or 
charge depends on the dielectric constant or 
permittivity of the medium. How then can 
the electrostatic flux be defined as the number 
of tubes of force? Exactly the same con- 
fusion occurs in the magnetic units, for 
Magnetic Flux is defined as the number of 
unit magnetic tubes of force traversing a 
given surface. The impossibility of this 
definition is obvious from the fact that when 
magnetic flux passes from iron to air the 
magnetic force undergoes an enormous 
change ; in fact, another definition tells us 
that permeability is the ratio of the magnetic 
flux produced by a given magnetic force in 
the material or medium to the magnetic 
flux which would be produced by the same 
magnetic force in a perfect vacuum. How 
can the ratio change if flux is defined as the 
number of tubes of force ? The reason for 
the muddle is to be found in the failure 
to distinguish between cause and effect, 
between the force and the resulting displace- 
ment, between the stress and the resulting 
strain. 

There is another trouble, however, which 
is caused by a real difficulty, although to 
judge from the definitions, those who drew 
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them up were not aware of the difficulty. 
The term “potential difference” is based on the 
potential theory, and is only strictly applic- 
able to fields in which the work done in 
moving unit charge or pole from one point 
to the other is independent of the path 
followed. In such a field the work done in 
moving round any completely closed curve 
must be zero. Now when the magnetic 
flux through any closed curve is changing, the 
work done in moving unit charge around the 
curve is not zero, but is equal to the E.M.F. 
induced in the path. Strictly speaking, 
therefore, the potential theory is not applic- 
able to alternating current circuits, but in 
the majority of practical cases it can be 
applied with little ambiguity. When one 
speaks of the P.D. between two transmission 
lines one assumes that the voltmeter wires 
by which it is measured ran approximately 
from one line to the other by the shortest 
path, and not via the power station and the 
stator slots. In radio-telegraphy and all 
high frequency work, one has to be very 
careful about the voltmeter leads when 
measuring the so-called P.D. between two 
points, although if the P.D. were equal to 
the work done in moving unit charge from 
one point to the other, irrespective of the 
path followed, such precautions would not 
be necessary. Asan example of the confusion 
caused by the misapplication of the potential 
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theory, we may choose an example which 
will appeal to our least mathematical reader. 
Electromotive Force is defined as “an 
electric condition tending to cause a move- 
ment of electricity ina circuit. Itis measured 
by the sum of the potential differences from 
point to point round the circuit.” One of the 
first things we do in teaching students the 
principles underlying electrical engineering 
is to try to get them to distinguish clearly 
between electromotive force and potential 
difference, but in this definition the two are 
mixed up together. If one makes a closed 
ring of copper wire and suddenly plunges 
the pole of a bar magnet into the centre of it, 
a current is produced around the ring because 
an E.M.F. is induced in it, but from con- 
siderations of symmetry every part of the 
ring is at the same potential; there is an 
E.M.F. but there are no potential differences. 
One cannot therefore define the E.M.F. as 
the sum of a lot of non-existent potential 
differences. 

These few examples will serve as a warning 
to those readers who may turn to the Glossary 
for enlightenment on fundamental magnetic 
and electric terms. They may even serve 
a more useful purpose by causing many 
readers to look to their own foundations and 
see if they have clear conceptions of the 
meanings of these fundamental terms which 
occur on every page of electrical literature. 
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The Thermionic Voltmeter. 


By W. B. Medlam, B.Sc., A.M.L.E.E., and U. A. Oschwald, B.A. 


HE thermionic voltmeter has become 
a very powerful weapon in various 

H.F. measurements, and little infor- 
mation concerning the operating conditions of 
the various forms of the voltmeter appears 
to have been published since the introduction 
of the direct deflection voltmeter by E. B. 
Moullin.* The present paper gives the 
results of an experimental investigation of 
the performance of five different types of 
thermionic voltmeter from the points of 
view of :— 

(a) Sensibility and range. 

(b) Possible frequency error. 

(c) Wave form error. 

(d) Input load. 

(e) Stability of calibration. 


Type 1.— Deflection Type, Rectifying on 
Curvature of the Anode Characteristic. 


The essential connections of this well- 
known type of voltmeter are given in Fig. I. 
The rectified current through the micro- 
ammeter G will vary with the A.C. voltage 
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Fig. 1. Connections of deflection voltmeter, Type I, 
rectifying on curvature of anode characteristic. 


applied across the input terminals, and the 
scale of the instrument may be calibrated 
to give a direct reading of the input voltage 
for given values of the filament current, 
steady bias voltage, and anode voltage due 
to the battery B. 
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The voeo will function without the 
anode battery B if the galvanometer lead is 
taken to L.T.+ as shown by the dotted 
connection, but a certain amount of extra 
anode voltage is a decided advantage as is 
shown later. The condenser K (of the order 
of IuF) prevents losses due to H.F. currents 
flowing through the galvanometer and anode 
battery. It also steadies the reading of the 
instrument when the input voltage carries 
a varying modulation. To put the volt- 
meter into operation its input terminals are 
shorted, and the filament resistance is 
adjusted until the reading of G is a definite 
value, taken to be the zero of the voltage 
scale. 

(a) Sensibility and Range. 

The smallest voltage which can be read 
with this type of voltmeter depends upon 
the values of anode voltage and negative 
grid bias. The value of the latter is more or 
less definitely determined by the maximum 
voltage it is desired to measure on the volt- 
meter. In order to avoid grid current the 
bias should be about one volt greater than 
the peak value of this maximum voltage. 
Using this bias, the lowest voltage readable 
on a microammeter will be about two volts 
less than the maximum voltage. That is, 
the scale of the voltmeter covers a range of 
about two volts, commencing at any desired 
voltage that may be safely applied to the 
grid, say 100 volts or so. . From this it will 
be seen that the sensibility decreases con- 
tinuously as the negative bias is increased. 
This point is illustrated in Fig. 2 which shows 
a series of calibrations for values of the bias 
between —2 volts and —6 volts. For 
example, suppose the voltmeter is to measure 
up to 5 volts (peak value), the bias would be 
fiked at —6 volts. With this bias the change 
of deflection becomes too small to read with 
less than 1.41 volts peak, giving an effective 
range from I to 3.53 volts (R.M.S.). To read 
inputs of the order of 1 volt (R.M.S.) more 
accurately the bias may be altered to —3 
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volts, changing the effective range to 0.2 to 
1.4 R.M.S. volts, and so on. To measure 
very small voltages most accurately no 
negative bias should be used, but in this 
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Fig.2. Calibration curves of deflection voltmeter, 
Type I 

case the range should be restricted to the 
measurement of a few tenths of a volt only, 
owing to the increasing load produced by grid 
current as the A.C. voltage is raised. The 
lowest voltage measurable with this type 
of voltmeter and a microammeter is of the 
order of 0.1 volt. It may be mentioned that 
a different calibration is necessary for each 
range. The calibrations may be conveniently 
arranged in linear form, on a postcard, as 
shown in Fig. 3. The A.C. volts correspond- 
ing to any anode currént may be read 


ANODE OURRENT BIAS - 6-0 


R.M.S VOLTS 


A convenient method of recording voltage 
calibrations of a microammetey scale. 


Fig. 3 
directly from the lower of the two scales 
corresponding to the particular bias in use. 

The general effect of anode voltage on the 
sensibility is illustrated in Fig. 4, in which 
the relation between anode current and anode 
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voltage is shown, for zero applied voltage by 
curve A, and for a certain constant A.C. 
voltage by curve B. The change in anode 
current (t.e., the vertical difference between 
curves A and B) is shown to an enlarged 
scale by curve C. In this particular case, 
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Fig. 4. Effect of anode voltage on the sensibility 


of the Type I voltmeter. 


in which no grid bias was used, the best H.T. 
was I5 volts. The best value, however, 
increases with the bias. Thus, although the 
voltmeter may be used with the anode 
instrument connected direct to L.T.+, the 
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Fig. 5. Effect of anode voltage on grid current. 

sensibility is considerably increased with a 
certain amount of extra anode voltage, 
particularly when the grid is given a steady 
negative bias. This extra voltage is also 
beneficial in another respect : it reduces the 
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possibility of grid current to some extent, as 
shown by the curve in Fig. 5, which refers 
to the same valve with zero grid bias. 


(b) Frequency Error. 


There does not appear to be any appre- 
ciable frequency error in this type of volt- 
meter up to a frequency of 2 XIO“ cycles. 
A calibration at this frequency agreed within 
the limits of experimental error with one at 
40 cycles,“ and further, the A.C. calibration 
under any given conditions is calculable 
exactly from a static characteristic of the 
valve. Fig. 6 shows how close is the agree- 
ment between a calculated and observed 
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Fig.6. Close agreement of a calculated and observed 


calibration curve. (See Table Illa.) 


calibration. The points on the curve located 
by x's were obtained from an A.C. test, 
those shown by circles were calculated from 
the static characteristic. The calculations 
are given in detail in the Appendix. 


(c) Wave Form Error. 


Errors may arise if the instrument is used 
to measure voltages having a wave form 
different from that on which it is calibrated. 
The errors- become more serious as the 
amplitude of the voltage is increased, t.e., as 
the instrument reads nearer the top of its 
scale. The lower part of the scale follows 
a square law approximately and no wave 
form error occurs where this law holds, but 
over the middle and upper parts of the scale 


* Care was taken to eliminate harmonics in the 
wave forms. 
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the calibration approximates more to a linear 
law and large errors may be introduced on 
a distorted wave. To give some idea as to 
the magnitude of these errors the results of 
a comparative test are given in Table I. and 


Fig. 7. Wave form (A)—a sine wave. 

Fig. 10 for (a) a sine wave, (b) a wave with 
a pronounced third harmonic, and (c) a wave 
with a second harmonic. The wave forms 
are given in Figs. 7, 8 and g respectively. 
The equations to these wave forms, neglecting 
unimportant higher harmonics, are :— 


(b) E= sin wt—.31 sin 3wt + .05 sin Sad 


E. Lc TO 
| (c) E= sin wt +.26 sin | 2w dad 


_In (b) the ratio of peak value to R.M.S. is 


1.83, and in (c) the ratio peak/R.M.S. is 1.05 


Fig. 8. 


Wave form (B)—has third and fifth 
harmonics. 


for the flat half and 1.77 for the reverse half 
of the wave, the ratio of the peaks being*1.7. 
The errors in the last three columns of 
Table I. were deduced from the sine wave 
calibration. 
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The results in Table I. show that the large 


third harmonic (0) increases the reading 
about 2 per cent., the flat half of the second 
harmonic (c) produces a more variable and 


TABLE I, 
H.T.=18 volts. Grid bias — 3.0 volts. 


| Anode current (HA) with 
| wave forms. 


Per cent. error. 


+0.8 +23.0 | + 4.3 
| 


—— — 


These wave form errors are great enough 
to indicate the necessity for care in the use 


Fig. 9. Wave form (C)—has a second harmonic. 


of a valve oscillator, the supply from which 
contains both even and odd harmonics. 
Such a supply may be effectively filtered by 
picking up through a tuned circuit loosely 
coupled to the oscillator. . For instance, the 
E.M.F. wave (b), Fig. 8, was applied across 
aŭ inductance loosely coupled to a circuit 
tuned to the fundamental. The wave form 
of the voltage across the condenser of this 
tuned circuit did not differ perceptibly from 
a sine wave. 
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(d) Input Load. 


The power factor of this type of voltmeter 
can be reduced to a fairly low figure when 
the voltmeter is operated under proper 
conditions as regards the value of the steady 
bias in relation to the peak value of the A.C. 
voltage, and with a moderate value of HT. 
voltage. The power factor, however, rises 
very rapidly once the grid is allowed to attain 
a positive potential during any part of the 
cycle of the input voltage. A typical set of 
Power factor measurements on an “R” 
type valve are given in Table II. In this 
table the second column shows the input 


TABLE JI. 

vii Capacity. | Power Relative 
Conditions. (uF) | factor. power lost. 
A | 1.4 -OI1 I 
B 57 -O19 7 
Ŝi 8.0 | .025 13 


————— == - — — 


capacity, and the fourth column the power 
lost expressed as a ratio to that lost under 
conditions (A). The conditions are as 
follows :— 

(A) Voltmeter panel with valve holder, 
terminals, and all interna] wiring. Ex- 
cluding the valve and external connections 
to H.T. and L.T. batteries. 

(B) Same as (a), but with the valve in 
its holder. 

(C) Voltmeter under working conditions, 
with an input of 2 volts RMS at A 
480 metres. Bias —3-3 volts. H.T. 25 
volts. Mica condensers of O2uUF con- 
nected across the bias and from anode to 
L 


— 
. . 


From the above results it will be seen that 
half the total loss with the voltmeter working 
near the top of its scale is due to losses in 
the dielectrics used in the construction of 
the valve. These losses vary Considerably 
in valves produced by different firms and if 
one has a number of suitable valves to choose 
from, it is worth while making a preliminary 
test of their relative losses. The test 
necessary to classify the valves in their order 
of losses is a very simple and rapid one. On 
high frequencies a condenser connected as 
shown in Fig. 1 may materially reduce the 
power factor. 
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(e) Stability of Calibration. 

Error due to some internal change in the 
valve itself appears to be very small. For 
example, one valve used continuously for 
12 months showed no appreciable change in 
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Fig. 10. Calibration curves of the Type I voltmeter 


on wave forms (A), (B), and (C). 


calibration over this period. In fact, any 
internal change is very largely compensated 
for when the voltmeter is operated by 
adjusting the filament current to produce a 
constant value of anode current with no A.C. 
volts on the grid. This method also partially 
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Fig. 11. General effect of a change in anode voltage 
on the calibration of the Type I voltmeter. 
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compensates for changes in anode voltage 
and grid bias, but serious errors may arise 
if these voltages differ much from their 
original values. 


593 


October, 1926 


The effect of change in anode voltage is 
shown in Fig. II by the full line curve, which 
was obtained under the following conditions 
with a 235-type valve: Constant grid bias 
— 2.8 volts, constant anode current with 
no A.C. volts IopA (the filament current 
necessary to give this reading with various 
anode voltages is shown by the dotted curve). ' 
Constant input of 2 volts R.M.S. Curves 
obtained under other conditions were of 
similar shape, showing increasing slope as 
the H.T. was increased and the filament 
current reduced. 

Unless the filament current is low the anode 
current rises linearly as the anode voltage 
is reduced. The slope of the curve in Fig. II 
is such that 1 volt (say 5 per cent.) change in 
H.T. alters the anode current by 1.65pA. 
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Fig. 12. General effect of a change in bias voltage 
on the calibration of the Type I voltmeter. 


From a calibration curve it was found that 
this change in anode current corresponded 
to a change in A.C. volts of .o4 volt, t.e., from 
2.00 to 2.04 volts, or 2 per cent. Thus near 
the top of the scale the voltmeter reads 
I per cent. high when the anode volts drop 
2.5 per cent. With low filament currents 
the error becomes greater. 

The effect of a change in steady grid bias 
is shown in Fig. 12 for the same valve with 
the same anode current with no A.C. volts 
and with a constant input of 2 volts as before. 
The anode current with the A.C. voltage 
applied was noted for a series of values of 
the bias (after adjustment of the filament 
current to give the same “zero ” of 10pA). 
The results for five different values of the 
anode voltage from I6 to 24 volts are as 
shown in Fig. 12. It will be noted that 
the general slope of these curves is very 
much less than is the case in Fig. II 
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(horizontally they cover about the same 
percentage change in voltage) indicating, 
in general, a much smaller error due to 
a change in the bias than is produced 
by the same percentage change in anode 
voltage. Fig. I2 shows that as the bias is 
reduced the curve may rise, keep level, or 
fall, according to the operating conditions ; 
thus these may be chosen so that little error 
is produced by, say, a 20 per cent. fall in 
bias voltage. 


Type II.—Deflection Type with Leaky 
Grid Rectification. 

The connections of this type of voltmeter 
are shown in Fig. 13. In this type the 
galvanometer reading decreases as the input 
voltage is increased. Its obvious advantages 
over the former type are that it does not 
require a closed input circuit, t.e., it can be 
used to measure the voltage across one of 
two condensers in series, and it is not affected 


13. Connections of the deflection voltmeter, 
Type II, with leaky grid rectification. 


Fig. 
by any D.C. voltage across the input provided 
the grid condenser has an insulation resis- 
tance very much greater than the resistance 
of the leak. The importance of high insula- 
tion resistance in the grid condenser cannot 
be emphasised too strongly. To take an 
extreme, but quite practical case, suppose 
one wishes to measure the A.C. voltage across 
an anode resistance of 50,000 ohms in a 
resistance-coupled amplifier, and suppose the 
A.C. voltage to be measured is of the order 
of I volt. The anode current (D.C.) may be 
of the order of 2 milliamps, giving a D.C. 
drop on the resistance of 100 volts. A simple 
calculation will show that a D.C. voltage 
exceeding I per cent. of the A.C. voltage 
will be applied to the grid unless the 
insulation resistance of the grid condenser 
exceeds the huge figure of 20,000 megohms, 
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with a grid-leak of 2 megohms. The 
necessary insulation resistance of the con- 
denser increases with the leak resistance. 
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Fig. 14. Specimen calibration curve of the Type II 
voltmeter. 


(a) Sensibility and Range. 

A specimen calibration for a voltmeter of 
this type is shown in Fig. 14. From this 
curve it is evident that the sensibility is 
greatest between the limits of 0.5 and 2 volts, 
and falls rapidly for voltages exceeding 2. 
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A low voltage calibration curve 
of the Type II voltmeter. 


Thus the range is restricted to the measure- 
ment of not more than about 3 volts, and we 
have not been able to devise any simple way 
of extending the range, such as can be done 
in the first type by adjustment of the grid bias. 


Fig. 15. 
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A low voltage calibration is shown in Fig. 
15 by the full line curve. For comparison a 
calibration over the same range for a Type I. 
voltmeter is shown by the dotted line. The 
grid-leak type appears about three times 
more sensitive than the other, and reads 
down to about .o4 volt with a microammeter. 
Owing to the large steady anode current with 
no applied voltage it is usually necessary to 
balance out this current in order to avoid 
having to shunt the microammeter and thus 
lose entirely the extra sensibility of this 
method. The usual balancing arrangements 
are shown in Figs. 16 and 17. A low resis- 
tance potential divider is connected across the 
filament accumulator (Fig. 17) or separate 
accumulators (Fig. 16). : Current through the 
galvanometer from the potential divider is 


A method of balancing out the steady 
component of anode current. 


Fig. 16. 


in the opposite direction to the steady anode 
current, and may be made equal and opposite 
to it by adjusting the potential at the tapping 
end of the resistance R. The resistance R 
should be made large compared with that of 
the instrument and potential divider to 
minimise loss of sensibility due to its shunting 
effect. The multiplying power of the shunt 
has usually to be determined from a separate 
calibration. 

Unlike the first type of voltmeter, the 
leaky grid type will not operate when the 
anode voltage is below a certain value. With 
low anode voltages rectification on the lower 
bend of the characteristic occurs and the 
anode current rises—instead of falling—with 
increased applied volts. It is, in fact, 
possible to adjust the H.T. so that no change 
in anode current occurs when a voltage is 
applied to the grid. These points are well 
shown in Fig. 18, in which the full line curves 
show how, in an actual test, the anode 
current varied with the H.T. with (a) no 
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voltage applied to the grid and (6) an alter- 
nating voltage of R.M.S. value 1.61 volts 
was applied. The change in anode current 
due to the A.C. voltage is shown to an 
enlarged scale by the dotted curve. 


Another method of balancing out the steady 
component of anode current. 


Fig. 17. 


The best potential to be applied to the 
filament end of the grid-leak has to be deter- 
mined by trial, but it may be mentioned here 
that any gain in sensitivity due to a positive 
potential on the leak may be more than offset 


ANODE CURRENT IN MIOROAMPERES 
CHANGE IN ANODE OURRENT 
IN MICROAMPERES 


20 
O 20 40 60 80 100 
> ANODE VOLTS 


Fig. 18. Effect of anode voltage on the sensibility of 


the deflection types of voltmeter. 


by the rise in power factor of the voltmeter 
due to this positive connection, and by the 
possibility of a change in calibration due to 
alteration of this potential as the cells run 
down. 
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(b) Frequency Error. 

This type of voltmeter is not entirely free 
from frequency errors, although these may 
be made small by suitable choice of values 
for the grid capacity and leak resistance. 
For present purposes the voltmeter is equiva- 
lent to the arrangement shown in Fig. 19, 
in which R is the leak resistance, K, the grid 
condenser, and A, the sum of the grid- 
filament and grid-anode capacities, including 
the capacities of the leak and wiring. K, 
will be of the order of IoupF, having a 
reactance of 20,000 ohms at a wavelength 
of 377 metres, rising to 300 megohms on 
about 50 cycles. As the leak resistance R 
will be between the limits of I to IO megohms 
it is evident that at high frequencies the 
effect of R is negligible, whereas at very 
low frequencies that of A, is negligible. 


Ke 
K2 


Fig. 19. Equivalent input circuit of the 


Type II voltmeter. i 


Thus we have to make the reactance of K, 
small compared with that of K, at high 
frequencies and also small compared with 
R at low frequencies. The first condition 
can be met by making K, say, 1,000 times 
K,, or about .oorpF, but this value is not 
large enough to satisfy the second condition. 
Suppose we wish to limit the error on 50 
cycles to 0.25 per cent. using a 4-megohm 
leak, then the minimum value of K, may be 
calculated from the formula 


IO? 

Nii wR4/ 2e 
in which e is the percentage error assumed 
to be small. In this case e = .25. As w 
= 27 X 50 = 314, and R =4 X 10%, the 
value of K, = .oIIuF. If the leak resistance 
is reduced to 2 megohms., A, becomes 
0.022uF, and for a 1 megohm leak K, rises to 
0.045 pF. 

The final choice of grid-leak resistance 
value will be determined from the four 
following considerations : (1) The resistance 
must be high to minimise frequency error 
with a reasonable capacity in the grid con- 
denser; (2) The D.C. resistance must be 
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high so as not to add very appreciably 
to the power factor of the voltmeter.* From 
this ae gan it should not be less than 2 
megohms ; (3) It should not be so high that 
the grid takes appreciable time to steady 
down to its steady potential. With 10 
megohms the grid becomes sluggish, and the 
value should be below this figure; (4) It 
should be as low as possible to prevent error 
due to D.C. potentials leaking through the 
condenser insulation, as has already been 
mentioned above. In view of the Jast two 
considerations the leak should lie between 
2 and 4 megohms. 


(c) Wave Form Error. 


In order to make a direct comparison 
with Type I. of the effect of wave form on 


TABLE III. 


Anode current (uA) with 


wave forms. Per cent. error. 


| 


| c c 
| Peaky Flat b | | 
half half Peaky | Flat 
| making | making | half | half 
' grid + | grid + |. je 1 p 
230.0 | 230.0 ee Peas ae 
176.0 200.0 +14 +24 | —22 
136.0 170.0 +45 | + 30 —30 
107.0 154.0 +75 +47 | —37 
93.0 143.5 | >100° | +70 | —43 
87.5 136.8 | >100*% | >100* | —49 
84.0 132.8 | >100% | >100* | —54 
| LI 


* Outside the range of the sine 
wave calibration. 


90 
|.“ 


the calibration of the Type II. voltmeter, 
the leaky-grid type was tested on exactly 
the same wave forms and over the same 
range as described above in connection with 
Type I. The results are collected in Table 
III., the letters (a), (b) and (c) having the 
same meaning as before. These calibrations 
are shown graphically in Fig. 20. 

The errors are enormously greater in the 
Type II. voltmeter than in Type I. In 
fact there is only one single observation in 
Table III. with an error less than 20 per 


——»—»—»—-—————————»—»-—»3»—»—-— 

* This must be distinguished from the A.C. 
resistance, associated with the self-capacity of the 
leak, which is in parallel with the D.C. resistance. 
The former resistance causes most of the losses on 
high frequencies unless the D.C. resistance is quite 
low. 
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cent. Some of the errors are too great to be 
evaluated on the sine wave calibration. For 
example, with 3 volts R.M.S. the anode 
current with the third harmonic wave b 


250 
-II1I1111111[11411 7 


He SARNESEERE 
e kOTOTITTITITEE 
s MCC 
„NI TITTTTTTTTO 
= CRN TTT 
e CWC 
e COW 
CNS 
z oo LOWS 
. “TITNNT Serer TET 
= COONAN CREE 
= CENNA 
= Qktanuunan 
o RO EEE 
w NE =EL 
8 “Ni Mi BI 
Z T ES 
ae DE 
Er EE 
0 To 20 30 40 

RM.S. VOLTS 


Fig. 20. Calibration curves of the Type II voltmeter 


on wave forms (A), (B), and (C). 


is 66. The sine wave calibration cannot 
usefully be continued down to this anode 
current as it flattens out in the region of 
4 volts and gopA. 

In the above test the frequency was 82 
cycles, the leak resistance 3 megohms, and 
the grid condenser 0.3uF. 


(d) Input Load. 
The power factor of this type of voltmeter 
is very considerably higher than that of the 


TABLE IV. 
| | l 
E Capacity. Power Relative 
Conditions. ' (E). factor. | power lost. 
— | — | 
Grid-leak D ! 1.0 | 0.19 | I2.0 
Grid-leak E ' 2.0 | 0.52 | 68.0 
Grid-leak F 0.4* l 0.41 | 11.0 
Grid-leak G 1.2 | 0.12 9.0 
Voltmeter 
with leak D 9.0 | 0.066 39.0 
Voltmeter 
with leak E10 | 0.13 85.0 
Voltmeter 
8.4 | 0.060 36.0 
| 


with leak F 


* Estimated value. 
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first type. This is due partly to the grid 
current necessary for the action of the 
voltmeter, and partly to losses in the leak 
resistance. Some typical results are given 
in Table IV. These results were obtained 
with the same valve mounted on the same 
panel and with the same input conditions 
as for the results shown in Table II. so 
that a direct comparison of the two sets 
of results may be made. The power lost 
(Table IV.) is relative to A (Table II.). The 
results are shown for the same voltmeter, 
using three different leaks (connected to a 
potential of + 2 volts), and the results for 
the leaks alone are given separately.* The 
resistance element in the case of leak D was 
a plastic compound, the D.C. resistance 
being 4 megohms. Readjustment of this 
resistance to about I0 megohms did not 
affect the A.C. losses appreciably. Leak 
E was a piece of some ebonite substitute 
sold for use as panels in wireless sets. 
The D.C. resistance was 4 megohms. Leak 
F was made from sodium silicate which 
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Effect of input voltage on grid current 
in the Type II voltmeter, 


Fig. 21. 


was contained in an ebonite tube carrying 
a terminal at each end. The D.C. resistance 


* If the leak behaved on A.C. as a pure ohmic 
resistance of 4 megohms, the power lost in it would 
have been represented by the low figure of 2.7. 
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was 3 megohms. Leak G was a pencil line on 
ebonite. The D.C. resistance was 3 megohms. 
The power factor of the voltmeter appeared 
to be practically independent of the input 
voltage. Any change due to change in 
grid current was probably swamped by the 
large constant losses in the circuit. The 
manner in which the grid current varies with 
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Fig. 22. General effect of a change in anode voltage 
on the calibration of the Type II voltmeter. 


the input voltage is shown by the straight 
line in Fig. 21. The curve shows the anode 
current calibration obtained at the same 
time. 


(e) Stability of Calibration. 

The calibration of this type of voltmeter 
may alter due to a change in (1) the valve 
itself, (2) the anode voltage, (3) the resistance 
of the grid-leak, (4) the potential applied 
to the end of the leak when this is not con- 
nected to L.T. —. 

Regarding (I), we have no definite ex- 
perimental results, but it appears probable 
that internal changes are practically com- 
pensated for by the initial adjustment of 
the filament current to give a definite false 
zero of anode current. The general effect 
of change in anode voltage is shown in Fig. 
22. These results were obtained by adjust- 
ing the filament current, for each value of 
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the H.T., until the same anode current 
(120nA) was obtained with no A.C. volts. 
The anode current with A.C. volts on the 
grid was then noted. It is the relation 
between this anode current and the H.T. 
which is plotted in Fig. 22, for the following 
A.C. inputs (a) 0.83 volts, (b) 1.64 volts and 
(c) 2.44 volts. The dotted curve shows the 
corresponding variation of filament current. 
The valve was of the 235-type. A change 
in H.T. of I per cent., causes an error of 
about 1 per cent. in the reading at I volt 
input, under the conditions of this particular 
test. 

The effect on the calibration due to a 
change in leak resistance varies considerably 
with the type of valve and the conditions 
under which it is operated. A typical set 
of results is shown in Fig. 23, from which 
it will be seen that with leaks less than 4 
megohms the calibration changed much more 
rapidly than it did with leaks greater than 
4 megohms. The calibration in the region 
of 2 volts R.M.S. changed 1 per cent. when 
the leak changed 1.3 per cent. when set at 
I.5 megohms, and 6 per cent. when set at 
not less than 4 megohms. In the test to 
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Fig. 23. General effect of a change in leak resistance 


on the calibration of the Type II voltmeter. 


which these figures refer the anode current 
with no input was maintained at a fixed 
value, as the leak was varied, by adjustment 
of the filament current. The A.C. input 
was kept constant at 2.19 volts R.M.S. 

If the leak is connected to L.T.+ there 
may be a further change in calibration as 
the accumulators run down. 


(To be continued). 
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A High-T ension Rectifier for a Low-Power 
Transmitter. 


By T. S. Skeet. 


works from 200V, 50 cycle A.C., and 
delivers smooth D.C. at approximately 
620V and any current up to 60 milliamps. 
Other voltage and current loads may be 
obtained as required; the output at high 
voltage being limited by the flash-over point 
of the commutator and by the voltage which 
can safely be applied to the smoothing 
condensers. 
The apparatus consists of (a) A kW 
“house lighting transformer suitably re- 
wound; (b) A small rooV A.C. motor 


"Te apparatus about to be described 
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Circuit arrangement of the H.T. 


-converted to a synchronous motor and fitted 
with separate rectifier commutator; (c) 
Starting switches ; and (d) A smoothing unit. 

The transformer and smoothing unit were 
used for a considerable time with chemical 
rectifiers, but a device whose voltage output 
was less dependent on.load current was 
-desired, and the synchronous rotary rectifier 
‘was evolved. 


[R355.51 


The circuit arrangement of the outfit is as 
shown in the diagram, and the photographs 
give a general idea of the equipment. 

The motor, which is a two-pole machine 
wound for rooV (A.C.) was first fitted with 
ring oiler bearings, the particular form of 
hollow pedestal casting being very suitable 
for this alteration. 

A light slip ring made from the shade 
carrier ring of a lamp-holder was next care- 
fully forced over the armature, empire cloth 
being used for insulation. The ring was 


connected to one commutator segment? and 


+ 


OUTPUT 


rectifier described in this article. 


the diametrically opposite segment was 
connected to the shaft. To ensure that the 
currents shall not flow through the bearings, 
a steel ball was placed in the shaft centre 
hole, and a piece of brass rod with spring 
tension is pressed on to the ball, the frame 
connection being made to this spring contact. 
The other end of the shaft has a thrust 
bearing, so that the armature is not displaced 


October, 1926 


by this end tension. The various experi- 
ments with the machine occupied several 
months of spare time, and it may be advisable 
to describe briefly the ideas which were 
tried, and the mistakes which were made. 

The field was first rewound for separate 
excitation from 2V, the field input being 
about 14 watts. This necessitated D.C. 
being used for running up to synchronous 
speed; the D.C. was obtained from the 
200V A.C. by means of a full-wave 8-cell 
aluminium-lead rectifier, with a solution of 
borax as the electrolyte. The curious beat 
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This alteration necessitated a re-arrange- 
ment of the switching system, and the 
plunger switch which had originally only six 
contacts now has nine. 

The new system also necessitated D.C. 
for starting, and as the chemical rectifier 
was not available at this period, the current 
was obtained from the receiving H.T. 
battery (accumulators, home-made, of ap- 
proximately 0.1 A.H. capacity), the machine 
was found to synchronise quite as readily as 
when separately excited. 

The necessity for starting up from the very 


The complete apparatus. 


note given out by the machine indicates 
approximately when synchronous speed is 
reached, and at this instant the plunger 
switch is operated which applies the 100V 
A.C. to the slip ring and frame connection. 
After a little practice it is quite easy to make 
the machine synchronise. This arrangement 
was quite satisfactory in practice, but the 
additional accumulator and bulky chemical 
rectifier were objectionable. The next move, 
therefore, was to eliminate the accumulator. 
Once the machine was started, the brushes 
on the commutator were idle, and as a D.C. 
voitage of approximately 130 could be 
obtained from them, the field was rewound 
to absorb about 2 watts at this voltage. 


small H.T. battery was the next objection, 
and efforts were made to start up from A.C. 
A separate winding of comparatively few 
turns of 38 gauge wire (D.S.C.) was put on 
the field, and attempts made to start up as 
an A.C. motor. Great difficulty was experi- 
enced in getting the motor to run up to 
speed, and the first starting winding was 
burnt out in the attempt. The reason for 
the difficulty was not obvious and occupied 
considerable time in finding. 

The machine has laminated fields and a 
very small air gap, and is therefore a fairly 
efhcient transformer. The running winding 
has sufficient turns to give an induced E.M.F. 
of 3,000V when 200V are applied to the 
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armature and starting windings. The ends 
of this running winding were connected to 
a switch contact on the slate base and a 
terminal mounted on a fibre strip on the 
machine frame, and whilst this insulation 
was quite O.K. for 130V D.C., it was useless 
for 3,000V. The effect of the leakage current 
was practically to short circuit the running 
winding, and therefore to reduce the field 
flux to a very small amount. Increase of 
starting current merely increased the leak- 
age and resulted, as before stated, in a burnt- 
out starting winding. After the insulation 
was improved the motor started up and 
synchronised without further trouble. It 
was thought that all trouble was now over, 
and that it would merely be necessary. to 
fit a commutator and slip rings to the shaft 
to enable loads at any voltage to be taken 
from the rectifier. 

An account of the further failures may 
prevent other experimenters holding the 
same absurd ideas. A four-part commutator 
was first constructed, the live segments being 
about two-thirds the length of the dead 
segments. Gauze brushes were used for the 
slip rings, and carbon brushes in carefully 
made boxes for the commutator. This 
arrangement was quite satisfactory for 
accumulator charging, particularly when 
graphite brushes were used, but was hopeless 
for high-tension rectification, anything above 
250V causing violent flash-over, with con- 
sequent shorting of the transformer. Gauze 
brushes were next tried, and whilst matters im- 
proved, results were anything but satisfactory. 

A 14-part mica insulated commutator, 
with three live segments connected to each 
slip ring was next tried, and as this gave five 
separate and somewhat thick mica sections 
between the live portions, considerably 
greater success was obtained. Foliated 
copper brushes were next substituted and 
these seem far superior to anything yet 
tried. It is presumed that a commutator, 
with live segments let into an insulating 
disc or cylinder, would be ideal, but such an 
arrangement would not be particularly 
sound mechanically, and would be subject 
to rapid wear. The present arrangement has 
been tested with a smoothed output of 700V 
30 mA and 530V 70mA. Larger output at 
700V was not tried on account of lack of 
suitable artificial load, and an output of 
800V gave occasional flash over. 
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As the input from the mains to the trans- 
former never exceeds 100 watts, a 0.5kW 
transformer is altogether out of proportion, 
the transformer was, however, obtained from 
a lighting contractor for 7s. 6d., and had the 
core size been reduced, a greater length of 
wire would have been needed, and the cost 
of the wire was of course much greater than 
the cost of the transformer. The trans- 
former when obtained was “ auto ” wound, 
and as the wire occupied the whole of the 
winding space, it was necessary to remove 
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The rewound transformer. 


the original 200V winding and rewind with 
smaller gauge wire to make room for the 
high voltage secondary. The transformer in 
question is of the “ core ” type, the core being 
composed of rectangular plates. In taking 
the transformer apart, only the end plates 
should be removed, the portions inside the 
coils being carefully preserved in their 
staggered gormation by tying with tape, 
this will save considerable time during 
reassembling. 

It has been observed that 3 turns per volt 
is a standard winding for 50 cycle trans- 
formers having iron of 3 sq. in. cross section, 
so that should the core be reduced the turns 
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must be increased proportionately, and a 
little consideration will show that the actual 
length of wire required will be greater than 
for the larger core. The transformer under 
discussion was rewound with 300 turns of 
22 gauge D.c.c. on each limb, and the 
winding taped and varnished. A rectangular 
former was now constructed approximately 
4 in. long, and the same size as the outside 
of the primary winding, the removable metal 
cheeks were slotted to take four threads for 
tying up the coils preparatory to taping and 
to facilitate the removal of the coils from the 
transformer. Twelve coils were wound, each 
consisting of 340 turns of 35 gauge D.S.C. 
wire, and were thoroughly taped with adhe- 
sive tape. The coils were not varnished, as 
their flexibility assists in the placing of 
them in position over the primary. Six 
coils were placed on each limb and con- 
nected in series, a tapping being taken off 
at every connection and brought out to one of 
the 13 terminals mounted on the transformer. 

The transformer was required to give a 
maximum voltage of 1,200, the extra 40 
turns for coil being included to compensate 
for voltage drop on load. The centre con- 
nection of the 200V winding is brought out 
to provide the necessary rooV for running 
the synchronous motor. 

Whilst the set is running on load, with the 
field at full strength, the voltmeter and. milli- 
ammeter needles have a beat swing in step 
with the beat note given out by the machine. 
This beat effect is believed to be due to some 
fluctuation at the generating station, as 
the same note can be heard in a telephone 
receiver by induction from the mains. This 
beat trouble can be cured by mechanically 
loading the motor, t.e., by applying friction 
to the shaft, but as this is very undesirable, 
the adjustable 7,000 ohm resistance shown 
in series with the running winding is varied 
until the beat ceases and the output is 
steady. The actual beat is caused by the 
armature changing its position periodically 
with respect to the phase of the supply ; 
this fact was proved by inspecting the 
running machine by the light of a Neon 
lamp (“Osglim” type) lighted from the 
same supply main. The armature, when so 
inspected, appeared to be merely rocking 
backwards and forwards at the beat fre- 
quency, but the writer is unable to explain 
the reason for such behaviour. 
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‘The change-over switch shown on the 
smoothing unit is for the purpose of reversing 
the connections to the output circuit, this 
change over being often necessary owing to 
the fact that the direction of the D.C. 
depends on chance, t.e., upon the manner 
in which the motor synchronises. 

The smoothing unit employs Mansbridge 
2uF paper condensers, eight of which were 
purchased for 12s. (Ex. Govt.). These 
condensers, as purchased, are useless for 
any purpose, except as variable (very) 
grid-leaks, and special treatment is required 
before they can be used as smoothers. The 
eight condensers referred to ‘were placed 
upright in a large iron vessel and molten 
wax poured in, until the condensers were 
covered. The wax was then maintained at 
a temperature of 330°F. until all bubbling 
ceased (this took five hours). The wax 
was allowed to cool, fresh wax being added 
to make up for that drawn into the conden- 
sers. When quite cold the condensers can 
easily be broken out of the wax, particularly 
if they are tied together before boiling. The 
writer has treated many faulty condensers 
in this manner, and finds that they stand 
up to severe treatment far better than new 
condensers of similar make, owing, no doubt, 
to the fact that they are truly hermetically 
sealed, provided that they are totally 
immersed in the wax during the cooling 
process. The eight condensers are grouped 
as shown in the diagram, giving an effective 
capacity of 2uF across each end of the 
smoother, with the voltage of the supply 
divided between the two capacities in series. 
The smoothing choke is of original design, 
and has a closed core of $ in by # in. cross 
section. 

Two windings are used, each consisting of 
8 ozs. of 34 gauge enamelled wire. The closed 
core is of rectangular form, and one winding 
is placed on each of two opposite limbs. 
One coil is connected in each leg of the 
supply and smoothing is very effective ; 
in fact this type of smoothing choke with 
two windings is the only type which the 
writer has found satisfactory, either for 
transmission or reception H.T. supply. The 
fact that the core is closed and of liberal 
cross section, enables smoothing to be effected 
with comparatively few turns of wire, and 
consequently limited voltage drop. 

The unit described above has not yet been 
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used for transmission purposes, but it was 
learmed that reception of Daventry on a 
neighbour's crystal set was seriously im- 
paired whilst the rectifier was running on 
load in the workshop. 

As it is desired to run the machine for test 
purposes, and for work with a non-radiating 
aerial during broadcast hours, this inter- 
ference had to be eliminated. The starting 
and running of the machine did not cause 


603 


October, 1926 


It was noticed (on a test receiving circuit) 
that the interference varied with the sparking 
of the rectifier, and after considerable 
running of the commutator, previously des- 
cribed, it was found that the flash-over 
voltage was reduced, and with the commu- 
tator at rest the flash-over occurred at 
800 (R.M.S.) V, due to the copper dust 
embedded in the mica. It was probable 
that the minute sparks due to this leakage 


The synchronous motor (running end). 


the trouble, which only occurred whilst the 
rectifier was on load, it was assumed therefore 
that shock excitation of some portion of the 
apparatus was responsible. 

A case lined with tinned iron was made to 
accommodate the whole of the apparatus, 
and the joints soldered, except, of course, the 
door joints. The apparatus was enclosed 
and the lining earthed, the machine was put 
on load and the interference was considerably 
increased, but with the earth connection 
removed there was a slight improvement 
over the original arrangement. 


were accentuating the shock excitation, and 
in spite of previous remarks, it was decided 
to construct on ebonite commutator, with 
brass segments let into the surface. 

This new commutator does not flash-over, 
and is far more satisfactory than the other 
types, but it is early to judge of its wearing 
qualities. The result of this latter alteration 
was a further slight diminution of the 
interference. 

“From the results obtained by earth 
connecting the screen, it was deduced that 
the excitation was being induced into the 
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hghting system, the outdoor cables for which 
run overhead between the houses, and the 
next step was to provide H.F, chokes in the 
supply leads. 

A coil of approximately 130 turns of 24 
gauge wire on a 34 im. diameter former was 
included in each leg of the supply, and the 
interference was eliminated so far as the 


crystal set was concerned, but was still 


audible on the writer’s valve set, the H.T. 
for which is obtained from the mains. 

A 14uF condenser was next placed across 
the mains at each end of the chokes, and the 
trouble was completely cured. The energy 
supplied to the transformer with the secon- 
dary on open circuit is only g watts, so that 
the condensers are causing verv little loss. 
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The excitation should be equal in either 
leg of the supply leads, and therefore the 
condensers should not make any difference, 
but the slight improvement noticed is 
probably due to the fact that one main is 
earthed at the sub-station transformer, with 
consequent inequality of the currents induced. 

The casting carrying the brush-rocker 
disc, which may be seen in the photographs, 
mav be recognised as the frame of an old 
Blake transmitter, of the carbon button and 
platinum contact type which saw service 
many years ago In the early days of telephony. 

If this article has pointed out some of the 
errors to be avoided in the construction of a 
rectifier system, its object will have been 
achieved. 


A Method of Calibrating Microphones and 
Loud - Speakers. 


By H. J. Round, M.LE.E. 


the calibration of microphones. A 

constant sound pressure over wide ranges 
of frequency is difficult to obtain, and 
reference is usually made to some theoretical 
basis for the purpose. 

I have not seen the following method 
described before. It is comparatively simple, 
and avoids a good many of the usual difh- 
culties, and is applicable to almost any type 
of microphone which employs a diaphragm. 
I have recently used it extensively to study 
the action of various microphones. In 
general the idea is to apply the necessary 
force to the diaphragm by an electrostatic 
force instead of an air force. 

The microphone diaphragm, if not metallic, 
is first coated with aluminium leaf, which 
leaf is extended all over the microphone, 
and well earthed. 

If the microphone has a metallic dia- 
phragm fixed in a metallic case, there will 
be no necessity to do this if the case can be 
earthed. (The W.E. electrostatic microphone 
is an example of this.) 

Near the diaphragm surface is placed a 


(Cine calibration difficulties occur in 
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solid flat-faced metallic block, the flat face 
of which can be brought to about 2 mm. from 
the diaphragm surface. Various shapes of 
block may be used to check whether any air 
pocket resonance is present. 

If the block be now statically charged toa 
high voltage (from 600 to 1,500 volts I find 
convenient), a force is applied to the dia- 
phragm, and if now superimposed on this 


voltage an alternating E.M.F. of any fre- 
quency is applied—the E.M.F. of which can 
be measured—the alternating component 
of the force produces a current in the micro- 
phone circuit which can be measured and 
plotted against the applied force. 

Fig. 1 is an overall representation of the 
apparatus used. 
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A is a musical note producer, which will 
be described later. 

B is a resistance amplifier using a plate 
voltage of 300 volts to get large undistorted 
amplitudes. ; 

C is the solid metallic block. l 

M is the microphone, modified if necessary 
as described above. 

D is the microphone amplifier. 

G is a polarising battery. 

E and F are A.C. voltmeters of the slide 
back type placed where indicated, and the 
curve is plotted between their readings. 


Fig. 2. 


This curve can be taken as the curve 
between air pressure at the diaphragm sur- 
face and output open circuit volts. Absolute 
values can, of course, be obtained. 

It may be of interest here to give a more 
detailed description of the note producer 
and amplifiers (Fig. 2). . 

A weak 3,000 meter fixed oscillator O, 
fitted in a shielding box, is fed through one 
loosely-coupled circuit—to remove harmonics 
—to a valve V, and thence induces into a 
rectifier R. 

Another more powerful oscillator P, the 
frequency of which is variable and without 
a coupled circuit attached also induces into 
the circuit attached to the rectifier valve R. 

The resulting beat tone in the plate circuit 
of the rectifier R is fairly pure and free from 
harmonics. A filter circuit F, to remove all 
H.F., is then inserted, and the purified beat 
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tone, magnified up to the value desired, is of 
almost constant amplitude, and, in fact for 
rough experiments, can be assumed constant. 

Calibration of note frequency is done on 
the condenser of the second oscillator and 
must be done frequently by means of one or. 
two tuning forks. Fortunately the fre- 
quency scale is nearly linear. 

The resulting beat tone is magnified up 
by means of a carefully constructed resistance 
amplifier. Harmonics are, of course, intro~ 
duced, and for very accurate work must be 
removed by cut-off filters after the last stage 


Circuit arrangement of the note producer and amplifiers. 


of amplification, but for a lot of work they 
can be neglected. 

The above method for producing notes of 
constant amplitude was suggested to me by 
Mr. Norman Lea, and the arrangement of 
apparatus, including the addition of a coupled 
circuit for one of the H.F. oscillators, was 
made by my assistant Mr. N. M. Rust. 

The idea of this coupled circuit is very 
interesting. If two oscillators are beating 
together and being rectified, and both produce 
harmonics the resulting beat tone will have 
similar harmonics, but if only one set of 
harmonics is removed the result is a 
freedom from harmonics in the beat tone. 

A modification of the test with which I am 
now experimenting, is to balance the input 
and output in a bridge system which will 
give the phase angle as well as the amplitude 
curve. 
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Recent Developments in Short-Wave Wireless 
Telegraphy.' 


By H. Rukop 


[R401 


l ; -© (Telefunken Company). 


I.—Previous History. 


HE technics of wireless telegraphy 
throughout the whole world have 


experienced a great surprise during 
the past two years as the result of the 
unanticipated effectiveness of short waves 
for Transoceanic traffic. In this connection, 
waves of about roo metres and less are to 
be understood as short waves, t.e. electrical 
oscillations of frequencies of about three 
million cycles per second and over, which 
have produced quite extraordinary results 
over great distances. 

Although wireless telegraphy can now 
look back upon a lifetime of 25 years, it 
must nevertheless, as compared with other 
industries and branches of technology, be 
accounted a very young industry, in which 
development has proceeded with extra- 
ordinary rapidity and constant change, 
but one which has in no way reached a 
state of equilibrium. There does not yet 
exist any generally recognised best system 
of transmission, and in reception also there 
are still countless variations, even although, 
in the fundamental principles of wireless 
telegraphy, in the electro-dynamic action 
in the apparatus itself, as well as in the 
process of radiation and reception with 
aerials, there are hardly any differences of 
opinion worthy of mention. The explana- 
tion of the propagation of the waves over 
our earth has, however, always proved an 
_ extremely difficult matter. This propa- 
gation has been extensively dealt with in 
exhaustive theoretical and practical investi- 
gations from the very first years of wireless 
telegraphy (J. Zenneck, A. Sommerfeld, 
H. Poincaré, J. W. Nicholson, L. W. 


1 Translation of a paper read at the meeting of 
the Deutsche Gesellschaft für Technische Physik, 
Danzig, in September, 1925, published in the 
Telefunken Zeitung, January, 1926. 


Austin, V. Rybczinski, L. F. Fuller, W. H. 
Eccles?), and there is no doubt that the true 
conditions have been depicted with approxi- 
mate correctness by the formule of the 
respective authors. The formule ascer- 
tained by methods of calculation relating 
to the propagation along the surface of the 
earth take account of numerous factors : 
the properties of the waves themselves, the 
conductivity and dielectric properties of 
the earth's surface, the divergence of the 
radiation away or “ Dispersion ” from the 
earth in consequence of the spherical form 
ot the latter, but they do not contain at the 
outset any terms which take account of the 
absorption, reflection or refraction on the 
earth itself or in the atmosphere. Now, if 
it is desired to express the intensity of the 
electrical field prevailing at a certain dis- 
tance from a known transmitter and pro- 
ceeding from its radiation, one uses for 
the purpose preferably the Austin - Cohen 
formula : 

0,00154 


—— “=——— —— = —— 


microvolts 
sind per metre, 
which, as compared with the calculated 
formule of the above-mentioned authors, 
contains a small correction ascertained bv 
measurements. In this formula, J, signi- 
fies the intensity of current in the trans- 
mitting aerial, h, its effective height of 
radiation, A the transmitted wavelength, 
d the distance of the place of reception from 
the transmitter measured along the greatest 
circle of the sphere, all in km., é the angle 
subtended at the centre of the earth by the 
two stations, and E the electrical field 


2For publications on this subject see: J. 
Zenneck and H. Rukop, Lehrbuch der drahtlosen 
Telegraphie, 5th Ed., p. 294; A. Hund, Hoch- 
frequenz-Messtechnik, p. 204 and following; J. 
Zenneck, E.u.M., 43, 1925, p. 593; G. J. Elias. 
E.N.T., 2, 1925. D. 351. 


THE WIRELESS ENGINEER 


strength at the place of reception, in micro- 
volts per metre. lf, now, it is desired. to 


estimate the dependency of the receiving . 


field strength upon the wavelength for two 
given points, special conditions regarding 
the transmitter must also be added, for 
example, that with a given aerial a certain 
number of kilowatts are available, or that 
the aerial is being ‘utilised to the limit of 
permissible voltage. If one combines such 
conditions with the Austin-Cohen formula, 
a function is obtained which has approxi- 
mately the form of curve I in Fig. 1. 
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Fig. 1. Received field strength on various wave- 


lengths at a distance of about 6,000 kilometres. 


Now, this function is generally found. to 
be confirmed in practice with approximate 
correctness. One finds in fact an optimum 
with certain medium wavelengths, which as 
a rule are about the 5ooth part of the 
distance between the two stations, that is 
to say, at a distance of about 6,000 km. 
(Nauen—New York) a wave of 12,000 metres 
has been found to be very satisfactory. 
If much longer waves are used, it is found 
that the strength of reception drops very 
considerably in consequence of reduced 
radiation. It is likewise found that when 
much shorter waves are used, there is also 
a greater diminution in the intensity, not- 
withstanding the increased radiation, this 
being due, as is known, to failure to bend 
round the globe (dispersion) on the one 
hand, and to absorption on the other hand. 
In fact wavelengths below about 1,000 
metres are found to be very unsuitable for 
Transoceanic communications, for which 
reason, during the last decade, one has been 
enabled safely to conclude that curve I 
shown in Fig. 1 reproduces the true con- 
ditions with absolute correctness, and no 
technician who cared about his scientific or 
technical reputation would have ventured, 
in connection with ranges of 10,000 km. or 
similar ones, to speak of wavelengths far 
below 100 metres. And this is precisely 
what has now become the accomplished fact ! 
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The discovery of the extraordinary effec- 
tiveness of these short waves was made 
accidentally, namely, by the fact that in 
the United States of North America there 
were allotted to amateurs, who also wished 
to devote their attention to transmitters, 
regulation wavelengths under 125 metres, 
regarding which it was assumed that they 
would not cause further interference to 
anybody. It was very soon found, however, 
that such short-wave transmissions were 
received at quite considerable distances, 
in Europe for example, whereupon the 
attention of all wireless technicians was 
immediately focused upon this remark- 
able phenomenon. 

The question will now at once be asked 
how it was that so important a fact could 
remain concealed for so long. The ex- 
planation of this can easily be deduced from 
the history of wireless telegraphy. 

There can be no doubt at all that the 
newly found good results with short waves 
are to be attributed solely to the era of the 
valve transmitter and valve receiver, since, 
in principle, transmission with so short 
waves is in no way a novelty. It should 
be recalled that in the early days of wireless 
telegraphy, Righi oscillators were used, 
and, as a general rule, these were of such 
dimensions that they were only able to give 
wavelengths of a few metres at the most. 
At least, it was the intention at that period 
to work with such oscillators and such 
wavelengths, even if, in fact, much longer 
wavelengths resulted when the aerial was 
coupled direct to the Righi oscillators. 

There is no doubt that at that time the 
technical means available, and especially 
the receivers, were too inadequate for such 
results to be even thought of, as can now 
be witnessed with short waves. 

A few years later, during the era of the 
musical note transmitter, such waves could 
perhaps have been conceived, from the 
standpoint of the transmitter. But even 
then no results would have been obtainable 
as regards reception, since there was not a 
fully elaborated receiving and amplification 
technique as would have been necessary 
for the purpose. The Poulsen arc and 
machine transmitters were quite unsuitable 
for the production of such short waves. ` 

It was only after the elaboration of trans- 
mitting valves, when the production of 
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undamped. oscillations for wavelengths down 
to about I metre was made comparatively 
easy. that trials with short waves were 
again made. In fact, it was not until about 
1916 that the technical auxiliaries, such as 
transmitting valves of suitable output, 
heterodynes, and all the necessary receiving 
and amplification circuits were developed 


far enough to lead to the discovery and. 


utilisation of the singular qualities of short 
waves. But meanwhile theory and experi- 
ence had apparently shown unanimously 
that propagation over the earth is subject 
to the laws represented by Fig. I, curve I. 
As however this representation is absolutely 
correct, even now, down to about A=I50 
metres, and as not even a trace of deviation 
or exception has ever been found, it was 
logically held to be correct for still shorter 
waves, and it would have been a waste of 
time to go still lower with the wavelength. 
Only for special purposes, such as directional 
transmission with reflectors at shorter dis- 
tances, did the short waves seem likely to 
be successful and attempts were in fact 
often made to use them. 

Special mention should here be made of 
the series of experiments on a large scale 
that were carried out by C. S. Franklin and 
the Marconi Company, about the year I9I9 
and succeeding years.3 
presumably to the lack of other receiving 
observation stations for these wavelengths, 
these experiments did not reveal the enor- 
mous importance of short waves, although 
all the requisite conditions were present in 
the transmitting apparatus of C. S. Franklin. 
Even the Marconi Company's receiving 
stations, at the time when the fabulous 
ranges of short waves had been discovered 
elsewhere, had not yielded corresponding 
results, so that the fame for this discovery 
was lost toit in consequence of the results that 
had been secured accidentally by amateurs. 

Therefore, .when the first signs of the 
extraordinary ranges of short waves had 
been justified by observations in several 
quarters, interested circles directed all their 
energies to the elaboration of this important 
new branch of high-frequency technics. 

The “ Telefunken-Gesellschaft fiir draht- 
lose Telegraphic,’ which together with the 


S5Sce, for example, under G. Marconi. Jahrb. 
draktlose Tel., 21. 1923, 58. 
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“ Transradio - Gesellschaft ftir drahtlosen 
Uberseeverkehr ” is interested in the trans- 


mission of messages by wireless telegraphy 


over the greatest ranges, proceeded. imme- 
diately with the study of these problems 
and, by building and putting into operation 
several valve transmitters for short waves 
between IOO and IO metres, for communi- 
cations between Nauen and far-distant 
receiving stations, such as Buenos Aires 
(12,000 km.), Bandoeng, Java (11,000 km.), 
Osaka, Japan (9,000 km.), has achieved 
important results and progress, and acquired 
extremely valuable experience. Further, 
in several other quarters connected with 
the high-frequency industry, as well as in 
the State laboratories of various countries, 
important results have been obtained and 
published. Furthermore, amateurs, and 
especially those of the United States of North 
America, have obtained important data on 
the propagation of short waves, and the 
effect of such variable factors, as the time 
of the day, time of the year, wavelength, 
etc. One can therefore form a provisional 
picture of the strange phenomena of short- 
wave wireless telegraphy. 

Before I proceed to the chief theme of 
the present paper, namely, the results which 
the Telefunken Company in co-operation 
with the Transradio Company has obtained 
in the attempt to bridge long distances by 
wireless, it is necessary, for a better com- 
prehension of the subject, to explain those 
physical phenomena which form the basis 
of the action of short waves, as contrasted 
with long waves, as far as they appear to 
be known at present. 


Ii.— Method of Propagation. 


The propagation and transmission of 
short waves, as compared with long waves, 
shows some striking differences, which have 
already been partly described by A. Meissner* 
and A. Esau.» In tfhe case of short 
waves, the ollowing properties are especially 
noticeable: Fading, t.., sudden strong 
fluctuations of intensity, as, for example, 
are represented in Fig. 12; the great 
differences between the day and night 
signal strength; the existence of suitable 


4 A. Meissner, Zetischriftt. Tech. Phys.,5,1924,485. 
SA. Esau, Zeitschrift ys. Tech. Phys., 5, 1924, 538. 
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wavelengths in the immediate neighbour- 
hood of which very unfavourable wave- 
lengths may lie; the variation of the 
favourable wavelengths with the time of the 
day and year, and finally the so-called dead 
zones. Before I go into details, it must 
first of all be shown how the earlier laws 
(curve I, Fig. I) have been modified by the 
new discoveries. 

According to the results obtained up to 
the present, there is no doubt that, in 
addition to the range of wavelengths of 
Curve I in Fig. I, there exists a further 
favourable range, somewhat as shown in 
curve 2, Fig. I, of wavelengths of about 
100 metres and below, but that between 
these two ranges there is a range Which is 
useless for Transoceanic distances. That 
curve 2 is not given by the above- 
mentioned formule is due to the fact that 
the latter are only calculated for a direct 
transmission along the earth's surface, and 
that Austin’s experimental results were 
only obtained on longer waves, whilst the 
effect of the short waves—as can now be 
maintained with the greatest certainty— 
is an indirect one. By this it should be 
understood that the short waves travel, 
on the one hand, along the surface of the 
earth, but that the energy which is measured 
at distances of several thousand kilometres 
does not proceed from a propagation along 
the earth’s surface, but has returned from 
the higher layers of the atmosphere. The 
reasons of this assumption are justified by 
various experimental results of the past 
year. 

One of the most important reasons which 
can now be adduced for this is the so-called 
“dead zone ” which occurs in certain cases 
which are more fully described below. The 
strength of reception, in fact, has often a 
remarkable distribution around a trans- 
mitter, in that, first of all (see Fig. 2(a)) there 
is around the transmitting aerial (S) a zone 
of considerable intensity (4). Beyond this 
zone is found a second one (B) in which the 
receiving strength is exceedingly small, 
whilst at a certain distance a zone of in- 
creased receiving strength (C) is again per- 
ceptible, and this may be of enormous 
extent. The simplest explanation of this, 
then, is that zone A is that of direct trans- 
mission of surface waves, which the Austin- 
Cohen formula represents, and that these 
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surface waves at the beginning of zone B 
have so diminished in their intensity by 
absorption and reflection that they can no 
longer be detected. A considerable amount 
of radiation energy has, however, directed 
its course obliquely upwards and, in conse- 
quence of physical conditions to be explained 
later, returns again to the earth, where it 
becomes perceptible in zone C. 


As regards the existence of the dead 
zones, exhaustive statistical investigations 
have been reported by J. L. Reinartzs“, 
and also by A. H. Taylor and E. O. Hulbert.? 
Exact data regarding this are given in the 
latter paper, from which it appears that dead 
zones do not occur generally in wavelengths 
above 50 metres, that in the neighbourhood 
of 40 metres they may first of all assume 
breadths of about 100-200 km. and that 
their breadth down to a wavelength of 15 
metres increases extraordinarily and may 
reach far beyond 1,000 km. 


Distribution of the receiving intensity around 


Fig. 2. 
| a short-wave transmitter. 


The direct receiving zones A, Fig. 2(a). 
Which are obtained with various wave- 
lengths, may, depending on the conditions, 
vary in width from a few kilometres (occa- 
sionally estimated at less than 10 km.), to 
100 or 200 km., and the direct zone is in 
fact probably reproduced with sufficient 


‘correctness by the original Austin-Cohen 


formula. 

But even where there is no dead zone, 
there is direct as well as indirect trans- 
mission. This means that with the longer 
waves of range 2 (approximately 60 to 100 
metres) the direct range is so large that it 
overlaps the zone of the indirect range. 


6J. L. Reinartz, Q.S.T.. 9, 1925, No. 4. p. 9. 
“A.HL. Taylor and E. O. Hulbert. 0.S.T.. 9. 1925. 


No. 10, p. 12; A. H. Taylor, Proc. I.R.E., 13, 
1925. 077. 
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There then results, instead of the distribution 
shown in Fig. 2(a), a distribution as shown 
in Fig. 2(0), and the signal strength in a 
receiver, at increasing distances from the 
transmitter would, in the case of the distri- 
bution shown in Fig. 2(a), be represented by 
curve a in Fig. 3, whereas in the case of 
the distribution shown in Fig. 2(b) it would 
be given by curve b. The former (curve a), 
would, therefore, be expected with wave- 
lengths of less than 40 metres, the latter 
(curve b) with waves over 60 metres. It 
would appear that the fading phenomena 
are especially great at those places where 
the direct range overlaps the indirect. On 
the other hand, they are in no way limited 
to this zone, since even at distances of 10,000 
km. and over, where indisputably only the 
indirect rays are concerned, they are also 
very pronounced. A further reason for 
the assumption that short waves do not go 
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Variation of signal strength with distance 
of the receiver from the transmitter. 


Fig. 3. 


by a direct route over great distances is the 
fact that when bearings are taken along the 
route, either they are extraordinarily lacking 
in sharpness or it is completely impossible 
to effect them, the received waves being of 
a muddled or diffuse character. 


A very interesting discovery regarding 


the return of waves from the upper 
atmosphere has been made by E. V. 
Appleton’ who found, by means of a 


recelving set some 150 km. distant from 
the transmitter, that at the respective 
point of reception there were both direct 
and indirect rays, since interference between 


8 E. V. Appleton, Tidj. Ned. Rad. Gen., 2, 1925, 
115. 
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the two could be demonstrated. He like- 
wise found, on varying the wavelength, 
that there were very close maxima and 
minima of reception, from which he was 
able to deduce that there was a difference 
of path between the two rays amounting 
to about a hundred wavelengths. From 
the distance of the station and the different 
length of path (about 80 km.), he was able 
to conclude that the indirect ray returned 
from a height of 80-90 km., a height at 
which, from our knowledge of meteoro- 
logical conditions, a considerable conduc- 
tivity is extremely probable. 

If we assume that the radiation returns 
from the upper layers of the atmosphere, 
the conditions for the realisation of this 
phenomenon must be very complex. Several 
explanations are possible. A simple as- 
sumption would be that the electrical waves 
are totally reflected at the naturally not 
very sharp limit between the atmosphere 
and the space which is either empty or inter- 
spersed with frozen gas dust. It can, 
therefore, be easily deduced, from the con- 
figuration of the atmosphere and the earth, 
that the rays in order to traverse a route 
such as that from Nauen to Buenos Aires 
1.e., about 100 degrees, would necessarily 
undergo numerous total reflections. It is 
manifest that this explanation is not ade- 
quate, however, since if it were only a 
question of the dielectric properties of the 
atmosphere, there would be no reason why 
waves of from 100 metres up to the longest 
are not also totally reflected to the same 
extent. This would necessitate a disper- 
sion, which is in nowise inherent in the 
air. 

Instead of a total reflection, on passing 
from the air-space (atmosphere) to the empty 
space, one can secondly assume a reflection 
at the much discussed Heaviside layer, 1.e., 
a layer which, as compared with the air 
lavers on the earth’s surface, is said to 
possess a considerably increased conduc- 
tivity in consequence of ionisation. The 
same here applies as has been said in the, 
previous case, regarding the necessary mani- 
fold reflection. 

The possibility both of reflection and of 
selective reflection for short waves of only 
a definite range, is here present. The 
physical bases of this assertion will also be 
discussed below when treating of the fourth 


THE WIRELESS ENGINEER 


possible explanation. In any case, the 
explanation just given is to be counted 
among the more probable ones, even if 
preference is now given to the fourth 
explanation set forth below. 

A third possible explanation is refraction, 
1.e., such a bending of the rays in the upper 
layers of the atmosphere that they follow 
a path parallel to the curvature of the earth, 
so that when the waves have once reached 
certain heights, they now direct their course 
without reflections to distant points of the 
earth, and the energy, less what is lost 
on the way, returns to the earth. The 
only physical prerequisite for such a curved 
route is that the speed of propagation in 
the upper air layers must be somewhat 
greater than in the lower ones, namely, of 
course, to such an extent that the curvature 
of radiation is approximately the same as 
the curvature of the earth. Here also one 
might at first assume purely dielectric 
differences. For this, the dielectric con- 
stant of the lower air layers, in comparison 
with that of the upper ones, would have to 
be greater than that actually caused by 
the difference of density, and one would 
be compelled to have recourse to the aqueous 
vapour in the lower layers or something 
similar, as has already been suggested by 
the: above-mentioned authors. But, here 
again we should be in a dilemma in that 
we should have to assume, with a purely 
dielectric explanation, a dispersion of the 
air layers, in order to explain the extra- 
ordinary difference in the propagation of 
the short waves as compared with the 
long. This explanation seems therefore 
to be as little tenable as that of total 
reflection. 


A fourth explanation is now chiefly held 
to be the correct one, namely, that a curva- 
ture of the wave rays takes place, therefore 
not reflection but refraction, and that this 
curvature is effected by the effective 
dielectric constant being diminished in the 
upper layers by conductivity, and the speed 
of propagation consequently increased. The 
existence of such a conductivity cannot, of 
course, be held to be contrary to physical 
laws, and it seems entirely justified to 
assume a “ Heaviside Layer”’ of such con- 
ductivity, so long as nothing better is known 
to explain the peculiar facts. The assump- 
tion of O. Heaviside is to the effect that in 
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the upper atmosphere there are found layers 
with considerable ionisation and therefore 
of considerable conductivity, and that the 
divergence of the electrical waves from the 
earth and their radiation into universal 
space is thereby prevented, and the receiving 
intensity is increased far beyond that given 
by the ordinary diffraction formula. Now, 
whether this conservation of radiation is 
effected by reflection or refraction, would 
probably matter but little as regards the 
designation ‘‘ Heaviside Layer.” It can in 
any case be maintained that the great 
scientist, with intuitive glance, at once 
realised the favourable influence of atmos- 
pheric conductivity on the propagation of 
electrical waves, even if his explanation 
should not be found to be correct to a full 
IOO per cent. 

The assumption of a radiation curvature W 
due to diminution of the dielectric constant 
of the upper layers, in consequence of con- 
ductivity, is not only capable of explaining 
the extraordinarily favourable ranges and 
the conservation of the radiation energy, 
but also the difference in the propagation of 
short waves, aS compared with the long 
ones. Even before the discovery of the 
short-wave phenomenon, it had already 
been pointed out from many quarters that, 
if the effective dielectric constant of the air 
is lessened by ionisation or conductivity, 
it must become noticeable in wireless tele- 
graphy (H. W. Eccles, J. Salpeter, B. van 
der Pol, etc.) The assumption which has 
to be-made regarding the density of ionisa- 
tion in the upper layers, in order to obtain 
a suitable variation of the dielectric con- 
stant by conductivity, is exceedingly pro- 
bable and agrees with what is believed 
regarding the ionisation produced in the 
upper atmosphere by ultra-violet light, 
Cathode rays, a rays, penetrating radiation, 
etc. It mav, however, be further stated 
that such a diminution of the dielectric 
constant without considerable losses in the 
respective layers, can only take place if 
the ionised particles are able to follow 
sufficiently freely the electric field of the 
oscillations. An examination of these 


9H. W. Eccles, Proc. Roy. Soc. A., 67, 1912, 


p. 79; Electrician, 79, 1912, 1015; Jahrb. 
Drahtl. Tel., 8, 1914, 253, 282. J. Salpeter, Phys. 
Zietschy., 14. 1913, 201; Jahrb. Drahtl. Tel., 8. 


1914; B. van der Pol. Dtssertation, 1920, Utrecht. 
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conditions has recently been made by J. 
Larmor,! who has shown that in this direction 
the results are quite satisfactory. As will 
easily be seen, the dielectric constant in the 
ionised air is in itself dependent upon the 
frequency, since the phase of the electrons 
in the electric field is dependent upon the 
frequency. According to this, the dielectric 
constant for the shortest waves ought to 
show the smallest decrease, and for longer 
waves a greater decrease, t.e., the radiation 
of the shortest waves will be less curved 
than those of the longer waves. How far 
this is in accordance with the facts is not 
yet exactly known, but in any case A. H. 
Taylor and E. O. Hulbert? have maintained 
that with wavelengths shorter than io to 
15 metres a return of the radiation from the 
upper atmosphere hardly takes place. In 


10 J. Larmor. Phil. Mag., 48. See 


also Jahrb. Drahtl. Tel., 


1924. 
25. 1925, 141. 
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the case of waves over I5 metres one would 
obtain, according to knowledge gained hither- 
to, a sufficient curvature by the conductivity 
in order to be able to explain the great ranges. 
Furthermore, in the direction of longer 
waves, there is found a limit which, as is 
shown by Fig. I, lies in the neighbourhood 
of a wavelength of about 125 metres, after 
which favourable propagation decreases. 
This is to be explained by the fact that, 
from these frequencies downwards, the ions 
and electrons respectively, in the time 
between two collisions with gas molecules, 
no longer have time to follow these relatively 
slow oscillations in such a way that a curva- 
ture of the ray can take place without loss, 
t.e., for wavelengths beyond a cercain value 
the energy not only returns towards the 
earth too early in consequence of- greater 
curvature, but also is consumed by the 
collisions of the ions, so that large ranges 
cannot be obtained. 


(To be continued). 


Book Review. 


THE B.E.S.A. GLOSSARY OF TERMS USED IN ELEC- 
TRICAL ENGINEERING.—Published by Crosby 
Lockwood & Son for the British Engineering 
Standards Association, pp. 263. Price 5s. 


This Glossary was prepared by a Sectional Com- 
mittee, a sub-Committee, and a number of panels ; 
it was finally adopted by the Sectional Electrical 
Committee, which 1s the British National Com- 
mittee of the International Electrotechnical Com- 
mission in January of the present year. The 
objects in view are stated to have been (a) to 
standardise and co-ordinate the electrotechnical 
terms used in the British Empire, and (b) to p o- 
vide a basis for the British portion of an Inter- 
national Vocabulary, in course of preparation by 
the International Electrotechnical Commission. 
It is divided into eleven sections, two appendices, 
and an alphabetical index. Each section is sub- 
divided into a number of sub-sections, for example : 
Section X., Radio Communication, is sub-divided 
into seven sub-sections under the following headings : 


Ether and Ether Waves; Acrials and Aerial Con- 


struction ; Transmission; Reception; Valve Con- 
struction and Properties; Circuits and their 
Properties; Amplifiers and Relays. Appendix I. 


gives a table of symbols for quantities and units ; 
Appendix II. classifies the contents in the order 
of the international decimal classification. An 
attempt has been made to standardise as far as 
possible the termination “ or”” for pieces of appa- 
ratus or machines for accomplishing a certain 
purpose, leaving the termination “er” for the 
person who carries out an operation, but the scheme 
could not be carried right through. The Com- 
mittee adopted “ divertor’’ and even “' startor ”' 
but drew the line at such things as “ milkor,”” 
“feedor” and “ voltmetor.” 

The most unsatisfactory sections in our ODINION 
are those dealing with fundamental electrostatic 
and magnetic terms. These appear to be very 
confused and we cannot understand how they 
reached the stage of publication. G. w. O.H. 
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Mathematics for Wireless Amateurs. 


By F. M. Colebrook, B.Sc., A.C.G.L, D.LC. 


[510. 


(Continued from page 563 of September issue.) 


5. Logarithms. 


(A) Preliminary Note on Functions, and their 
Graphical Representation. 


NY algebraic letter symbol can be 
considered to stand for any positive or 


negative number or fraction. Starting 
with some such symbol, x for instance, 
other numbers can be built up the magni- 
tude of which will depend in some specified 
way on the magnitude ot x. The number 
3x-+4 is a simple instance of such a built- 
up number, and, being a number, it can 
be represented for convenience by some 
other single symbol, such as y. This number 
y is then defined by the statement (or 
equation) 

y= 3xX +4 

In such a connection the number x is termed 
an “ independent variable,” the idea being 
that it is at liberty to wander at its own 
sweet will over the whole range of magnitude. 


Fig. 7. 


The number y on the other hand has no will 
of its own and has to go where x tells it. 
This is expressed rather grandiloquently by 
the phrase “y is a function of x.” In 
mathematical shorthand this is written 


y= f(x) 
Notice that the letter symbol f does not 


in this instance represent a number, but 
expresses a functional relationship between 
y and whatever symbol is written inside 
the brackets. Different functional relation 
ships can of course be represented by other 
letters, e.g., F(x) or d(x). Once a particular 
functional relationship has been specified 
the same letter should be used throughout 
any piece of work for that function. 

The dependence of y upon x can be 
emphasised by assigning various values to x 
and finding the corresponding value of y. 
Such values can be tabulated thus :— 


| 


i | x y 
Te a aa 
—I I 
o 4 
| I 7 
| 
i 


2 | IO 


An extensive set of tables could be drawn 
up in this way, but such tables would not 
revo..l the distinctive character of the depen- 
dence of yon x. This, however, can be made 
quite clear by means of a method of graphical 
representation invented by the philosopher 
Descartes while he was lying in bed one 
morning (which just shows the unwisdom 
of too early rising). 

Draw two lines OX and OY at right 
angles (Fig.7). Any related pair of numbers 
x and y can now be represented by a point 
such as P, which is situated x units of length 
perpendicularly to the right (if x is positive) 
or left (if x is negative) of OY, and v units 
ot length perpendicularly up (if v is positive) 
or down (if y is negative) from OX. (There 
is no need for the units of length to be the 
same in the two directions.) The numbers 
x and y are called the “ co-ordinates ” of 
the point P, which can be referred to as 
the point (x,y). 
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In Fig. 8 are shown all the points repre- 
sented by the pairs of numbers listed in the 
above table. A new aspect of the matter 
is at once revealed. All the points are seen 
to lie on a straight line. Moreover, it will 


Y (2.10) 
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Fig. 8: 


be found that any other related numbers 
belonging to this set will give rise to points 
which also lie on this straight line. The 
straight line can therefore be regarded as 
a complete representation of the function 


y= t4 

since all the points of the function will be 
found somewhere on this line. Conversely, 
any point on the line satisfies the functional 
relationship, and the value of y for any 
given value of x could be read off the dia- 
gram or a suitable extension of it. For 
x=1.7, for instance, the corresponding value 
of y is seen to be 9.1. 

The idea of functional form can now be 
described. There is no special magic about 
the numbers 3 and 4 in the above function, 
so it is inherently probable and is true in 
fact that any other pair of numbers a and b 
would give rise to a similar picture for the 
function, t.e., a straight line. The function 

y=ax+b 
is for this reason called a straight line 
function of x. 

Obviously much more complicated num- 
bers than this could be built up out of x 
and other constant numbers. For instance 

y= 33“ - 41 - 5 
or more generally 
y=ax?: +bx +c 


~o 
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The points of any such function for given . 
values of a and b could be similarly plotted 
on a diagram as in the above simpler case. 
It would be found that the points do not 
lie on a straight line for this rather more 
elaborate function. Nevertheless by plot- 
ting a sufficiently large number of points 
close together a dotted line will be produced 
through which a smooth curve can be.. 
drawn, and it will be found that any other 
points of the function within the range of 
the diagram will lie on or very close to 
this curve, and the greater the number of 
points calculated and plotted, the more 
nearly will any other points be found to lie 
on the curve. 


(B) The Exponential Function. 


The above is no more than a very brief 
introduction to the idea of functions and 
their graphical representation. From this 
point there will be considered a particular 
function closely related to the subject 
matter of Section 4, namely 


y= a 
where a is some constant number. 
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To fix ideas, let a have some simple value, 


Fig. 9. 
such as 2. That is 
y=? 


The first thing to notice is that x can have 
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any positive or negative fractional or 
integral value, for the significance of such a 
general index has been determined. For 
instance, if x = .5 


and if = —.5, 
y= 1/x5 = 1/1.4I14 = .707 


Proceeding in this way, it will be possible 
to draw up a table of related values of x 
and y covering any desired range. For 
instance, 


————— —-— =———— 


These and similar values can be plotted on 
a diagram and a curve drawn. The curve 
is shown in Fig. 9. 

From such a curve any other corre- 
sponding pair of numbers within the given 
range can be determined fairly accurately 
(to about I per cent. or so). For instance, 
for the point on the curve for which y=4.8, 
x is seen to be 2.26, so that 


4.8 = 22:26 


(This illustrates a very useful application 
of the graphical representation of functions. 
Given that 

4.8 = 2* 


the determination of x by any method of 
direct calculation would be a troublesome 
business, and would puzzle most people.) 

Theoretically the above curve could be 
extended indefinitely beyond the limits 
shown in either direction, and it would be 
found to be a smooth continuous curve. 
This means that for any finite value of y 
it will be possible to find a value for x such 
that 

2: 


There is no special magic about the number 
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2 which has been used for a in these calcu- 
lations, and it may therefore be said that 
in general, for any finite positive value of a, 
and any finite value of y, it will be possible 
to find a value for x such that 
y =a" j 

[Notice that a must be positive. The reader 
is recommended to try to tabulate a set of 
related values for y and x similar to the 
above for 


y = (—2) ]. 
(c) Logarithms. 
When x, y, and a are so related that 
y= a 
x is called the logarithm of y to the base a, 
and is written 


x = logay 
The two statements 
ya" 
and 
x = logay 


therefore mean the same thing. The number 
corresponding to a given logarithm is called 
the antilogarithm of the given logarithm. 
Thus in the above y is called the anti- 
logarithm of x. (These, by the way, are 
the full ceremonial titles. Log and antilog 
are what one actually says.) 

Having now shown that the logarithm 
of any number to the base a exists, and 
having indicated the possibility of deter- 
mining it by simple arithmetic and drawing, 
it will be assumed that there is available a 
set of tables or curves recording the logarithm 
of all numbers to the given base a, the 
intervals between whole numbers being sub- 
divided to any desired degree of fineness. 
For reasons to be given later, IO is the base 
chosen in practice, and tables of logarithms 
and antilogarithms to the base 10 are easily 
obtainable. What, now, is the use of such 
tables ? 

Suppose it is required to find the product 
of two numbers y, and y,. The logarithms of 
these numbers can be found in the tables. 


Call them x, and x,. Then 
Yı =a" 
and 
yi = a“ 
so that 


Yı X Yı = MI XA = aži + za) 
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This means that (x,-x,) is the logarithm 
of (Y, XY»), or that (y,Xy») is the anti- 
logarithm ot (x,--x,). To find the product 
(v,Xv»), therefore, it is only necessary to 
find the logarithms of y, and y., add these 
together and find the antilogarithm of this 


total. For instance 
log 19 3.412 = .53300 
logy. 796 = 2.9009I 
Sum = 3.43391 
antilog = 2715.8 
Therefore 


3.412 X 796 = 2715.8 
Thus multiplication is reduced to a simple 
operation of addition. In a similar manner, 
division can be simplifed to subtraction, 
for, by an obvious modification of the above 
proof it can be shown that 


log a(Y1/Y 1) = logay, — logay s 
Thus to divide 796 by 3.412, 
logio 796 = 2.9009I 
log 10 3-412 = .53300 
Difference = 2.36791 
anttlog,, = 233.29 
Therefore 
796/3.412 = 233.29 
Again, since 
loga X Yı) 
it follows that 


logal Yi X Ya X Yy3-.....Yn) = 
logay, + lOgaY a + logay3...... logaYn 
and 1f | 


= logay, + logay z 


Yi = Va = Ya = Va etc. = y 
this becomes 


loga(y XY X Y...... n factors) = loga( Yn) 

= logay + logay + logay...... n terms 

=n X logay. 
Thus a number can be raised to any 
integral power by simple multiplication. 
For instance 

log 10 3-412 = .53300 

logio 3.4125 = 5 X .53300 = 2.66500 

antilog 10 2.66500 = 462.38 
Therefore 

3.4125 = 462.38 


Furthermore, the general formula 
logav"=n x logay 


proved above for an integral index, is true 
also for a fractional index. Let n=p/g, 
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where p and g are integers. Then by the 
definition of a fractional index, 
p ] 
p (yI) = y” 
Therefore 


-loga (94 )? = logay? = p X logay 


But 


p p 
loga (y7)4 =q X loga(y*) 


Therefore 


r 
q X log (y1) = p X logay 


or 
p 
loga (y1) = (p/q) X logay 


In particular the nth root of any number 
can be calculated by logarithms, for 


loga Vy = logay" 
= (1/4) X logay or (logay) +n 
Thus, to find the fifth root of 796, 


logi0796 = 2.9009I 
logio/ 796 = 2.9009I + 5 
„58018 


antilogxo = 3.8037 
Therefore | 
V 796 = 3.8037 


Here an arithmetical process which is too 
complicated to be admitted into ordinary 
text-books is reduced to a simple matter 
of division. - 

The ful advantage of the logarithmic 
method of calculation is seen in the deter- 
mination of a more or less complicated 
number such as 


2.438 X 191 X 347 


VI5I9* 

The determination of this by direct calcu- 
lation would be a weariness to the flesh, 
for which weariness the flesh would probably 
retaliate by slipping into error. Logarith- 
mically, however, the calculation is simplified 
to 

logay = 3 X loga2.43 + logalgt 

+ 31084347 — ĝ!ogaI.5I9 

The whole of the foregoing propositions 
with regard. to the application of logarithms 
are independent of the particular base to 
which the logarithms are referred. The 
choice of the base to be used in practice is 
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merely a matter of convenience. As stated 
above the base IO is actually used for the 
following reason. Any whole number or 
decimal can be expressed as some number 
between 1 and 10 multiplied by some power 
of 10. For instance 


.143 = 1.43/10 = 1.43 X 107! 
3179.8 = 3.1798 X I000 = 3.1798 x 103 
and so on. Thus any number can be 
expressed in the form 


y x IO” 


where m is a positive or negative integer 
and y is some number or fraction between 
1 and 10. Now 


log 1 Y X 10"= log yy + log 010" 
= log oy +n 


Thus all that is needed in a table of loga- 
rithms to the base 10 are the logarithms of 
all numbers between I and 10, subdivided 
decimally to any desired degree. (Five 
figures are generally quite sufficient for 
experimental work.) Such logarithms will 
all lie between o and 1, e.g., 


log 192 = .30103 


The whole number to be placed in front of 
the decimal point will be m, determined as 
shown above. Thus log,.200 would be 
2.30103, and logy .002, t.e., logy2x 10-3 
would be 3.30103. In practice the negative 
sign is put as a bar over the whole number, 
as in this example, to show that it refers 
only to the whole number and not to the 
decimal part which follows. It is more 
convenient to keep the decimal part positive. 
Thus 2.30103 is the same as (—2-+.30103), 
t.e. (—I.69897), but the first form is always 
used in computation. 

Logarithms calculated to the base 10 
are called Common Logarithms, and the 
base is not expressed. Thus if no other 
base is specified, it is always assumed to 
be 10. 

There is another set of logarithms which 
is in occasional use. These are calculated 
to the base 2.71828, for which apparently 
arbitrary number the symbol e or the Greek 
€ is always used. There is method in this 
apparent madness. So much so, in fact, 
that such logarithms are called “natural 
logarithms,” though at first sight nothing 
could appear less natural. The natural 
logarithm of y is written log,y. Actually 
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the use of this other system of logarithms 
will not necessarily involve a new set of 
tables, for a logarithm to any one base can 
be readily converted to the logarithm to 


some other base in this way. Suppose 
logay = m 
lomy=n 

1.€., y=a" = 5" 


Suppose further that the logarithm of b 
to the base a is k, 


t.e., 


Then 


and since also 


so that 
logay = logab X logy 


In particular 
logey = log.IO X log „y 


and since logeIo is a constant number 
(2.3026) the conversion reduces to 


log,y = 2.3026 X log Y 
1.e., Natural Log. = Common Log. x 2.3026. 


If the foregoing description of logarithms 
and their application is thoroughly under- 
stood, the reader should have no difficulty 
in using this method of computation. - It 
does not pretend to be a complete set of 
working instructions for the manipulation 
of log tables, but if the theory is really 
appreciated, the reader should be able to 
follow the detailed instructions which are 
generally included with any such tables. 
(To guard against any misconception on 
this point, it should be made clear that the 
tabulated logarithms found in the usual 
published tables have not actually been 
determined by the method described in 
this article, which would not be nearly 
accurate enough. The actual method of 
calculation will probably be encountered 
later in this series.) 

Finally, one practical point. The loga- 
rithmic method can only be applied to any 
expression which consists exclusively of 
products, quotients, and powers. There- 
fore, before setting out on any series of 
calculations it is well to arrange them as 
completely as may be in a form suitable 
for logarithmic computation. An instance 
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which may frequently occur in connection 
with alternating current problems is the 
difference of two squares, t.e., a?—b?, 
where a and b have certain specified numerical 
values. The form a?—b? is not suitable for 
the use of logarithms, but, as already shown 
(see Examples, p. 450, July issue), 

a? — b? = (a—b) (a + b) 
and the form on the right hand side, con- 
sisting of the product of two factors, is 
better adapted for calculation. For example, 

874? — 27.82 = (874 —27.8) (874 + 27.8) 
= 846.2 x 901.8 

No general rules can be laid down, but the 
exercise of a little ingenuity in this matter 
will often save a great deal of time and labour. 
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Examples.-—Logarithms. 


I. Given that log2 = .30103, show that 
log5 is .69897. 
2. Log3=.4771. Show that 
log1/3 = 1.5228 
log 81 = 1.9084 
log3k = .5228 
log3®° = 14.313 
3. What are the whole numbers in the 
logs of 21, .O2I, 99918, .00073 ? 
4. Show that 249 is a whole number of 
301 figures. 
5. Show that log (logro!®*)=1-+-x. 
6. Show that logar = o for all finite values 
of a. 


(To be continued.) 


Note on a System of Atmospheric Elimination. 


By S. Butterworth. 


[R431 


(Admiralty Research Laboratory, Teddington.) 


N a recent patent specification* M. L. 
| ee has described a circuit which is 

intended to eliminate atmospheric or 
similar parasitic shock excitations. Some 
eight years ago the present writer had 
occasion to study a very similar circuit which 
had been suggested to him for the same pur- 
pose, and came to the conclusion that a cir- 
cuit of this type was incapable of eliminating 
disturbances due to shock excitation of any 
kind. 

As the circuit has been once more put 
forward, and as the arguments in its favour 
seem very plausible, it may be of interest 
to your readers to point out why it does not 
eliminate atmospheric disturbances, and why 
it is inefficient in regard to increasing 
selectivity between two continuous wave 
signals. 

The circuit in question is essentially as 
shown in the figure. Two resonant circuits, 
I and II, receiving equal E.M.F.s from the 


“British Patent No. 225,570, described in 


EW. 6 W.E; June 1926, p. 398. 


required station, are slightly detuned, so 
that I resonates at a frequency slightly 
above, and II at a frequency slightly below, 
the frequency of the incoming signal. Be- 
cause of the rapid reversal of phase as we 


pass through resonance, it is clear that for 
any frequency in the band lying between the 
resonances of I and II the potentials of the 
grids of the valves a and b will tend to be in 
antiphase, while for any frequency outside 
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this band they will tend to be in phase. 
Hence, if we couple the anode circuits of 
these valves to a third resonating circuit III, 
Which is tuned to the required signal, we can 
so arrange that while the induced E.M.F.s 
in circuit III. due to the wanted signal, are 
helping, those due to unwanted signals are 
in opposition. From this argument it 
appears, therefore, as if we can eliminate 
everything but the required signal. 


We will first deal with the fallacy in the 
reasoning when the unwanted disturbance is 
due to shock excitation. A little considera- 
tion will make it clear that when a resonant 
system is subject to shock, the resulting 
disturbance does not merely repeat the shock, 
but there is also set up a damped oscillation 
having the same period as that of the resonant 
system. In the case of sound, of course, this 
principle is made use of in the construction 
of all stringed instruments. Thus in the 
case of the present circuit system we see that 
an atmospheric disturbance will cause circuits 
I and II to “ring” each at its own fre- 
quency. Hence, the net E.M.F. induced in 
circuit III by an atmospheric will consist of 
two damped E.M.F.s of slightly different 
frequencies, and these, by virtue of their 
rapid alternation in relative phase from 
assisting to opposing, will produce a damped 
beating effect in circuit III. This effect will 
have longer and longer duration as the 
efficiency of the circuits I and II is in- 
creased. The circuit is thus useless in so far 
as elimination of atmospheric disturbances 
is concerned. 

We now consider the selectivity of the 
circuits in regard to continuous waves. Let 
the circuits I and II have equal capacities C, 
equal resistances R, and inductances L—l 
and L+ respectively. Let similar E.M.F.s, 
each of value E, be impressed on the circuits, 
the frequency being w/27. Then, assuming 
equal transformers T linking the valves with 
the circuit III, and taking the common overall 
voltage amplification (valve+transformer) 
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as m, the net E.M.F. impressed on circuit III 
is 


j jut | Euler 
ey a ES MI ee eee 
R+j{w +9} | 


2jwl 
| Rej {cto} | Rifo- 2} | 
the usual vector notation having been 


employed. 
Hence the R.M.S. value of the E.M.F. is 


(E. 2(mE)l 


(= 


If we are concerned only with stations of 
slightly different frequency, the quantity 
under the square root sign is the only one 
Which changes appreciably with w. But if 
we had employed the same circuits I and II 
on the input and output sides of a single 
valve, using a weak coupling on the output 
side, the frequency variation of the system 
would be governed by the same factor. 
It is concluded that the same circuit material 
could be used to give the same C.W. selec- 
tivity in a far more efficient manner without 
departing from common practice. In addition 
the small factor / occurring in the numerator 
of the expression for the E.M.F., acting on 
circuit III, reduces the intensity of the re- 
quired C.W. signal, while in the case of the 
atmospheric disturbances it merely governs 
the rapidity of the beats. This consideration 
immediately shows that the system increases, 
instead of diminishing, the relative import- 
ance of the atmospheric disturbances. 
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The National Radio Exhibition. 
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Review of Components and Accessories of Special Interest to our Readers. 


FTER acareful examination of the new appara- 

tus to be seen at the first National Radio 

Exhibition held this year at Olympia, one is 
ready to admit that the wireless industry has 
already passed through its infancy. There has 
probably been more real progress made in the 
design of broadcast receivers and their associated 
components and accessories during the past twelve 
months than during any other year since broad- 
casting commenced. It must not be thought from 
these remarks that apparatus embodying funda- 
mentally new ideas has been evolved, but progress 
has essentially been made in regard to refinements 
in design which are the outcome of a better under- 
standing of the underlying principles. 
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Osram gas discharge tube giving full wave rectification 
for use in an A.C. mains battery eliminator. 


The Osram Us full wave rectifier. 


The New Valves. 


Many new valves have been introduced specially 
designed to suit the requirements of various 
amplifying circuit arrangements, as well as others 
for use in connection with rectifying equipment. 
In the 2-volt group of Mullard PM valves there 
are now three types, the PMi H.F., PMi L.F., 
and the PM2. Each of these valves is operated 
with a filament potential of 1.8 volts, the PMri 
type passing a current of 0.1 ampere and the 
PM2 0.15 ampere. The high impedance PMi 
H.F. has an amplification factor of 13.5 with an 
impedance of 20,000 ohms, showing the mutual 
conductance to be o.48mA per volt. The low 
impedance L.F. valve has an amplification 
factor of 8.9 with an impedance of 18,000, the 


mutual conductance being 0.5mA per voit. The 
PMi H.F. is suitable for use in high-frequency 
and resistance-coupled amplifiers, and the PMr 
L.F. is intended for transformer-coupled low- 
frequency stages, whilst the PMz, which has an 


B.S.A. power valves types P425 and P612. 


amplification of 5.4 with an impedance of 8,750, 


is suitable for the last L.F. stage where a larger 
grid bias is required. 

Another new Mullard valve is the DP425 which 
is a dull filament power amplifier, and especially 
designed for use with loud-speakers. The filament 
requires 0.25 ampere at 3.8 volts, and it has the 
very low impedance of 3,500 ohms with an amplifi- 
cation of 3.15, giving a mutual conductance of 
o.gmA per volt, with an anode voltage of 100. 
The available grid swing is approximately 30 volts, 


Burndept rectifying valve type U695 for charging 
H.T. accumulators from A.C. supply. 


so that a grid bias of at least 15 volts can be used. 
With this grid swing of plus or minus 15 volts and 
a mean anode current of 12 milliamperes at 100 
volts, the largest loud-speakers can be operated 
witha minimum amount of distortion. 

Two new valves have been added to the Cosmos 
short path series, the SP55R and the SP55B. 
The former is a power valve having an impedance 
of 3,500 ohms with an amplification factor of 6, 
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givingy;an exceptionally high mutual conductance 
of approximately 1.7mA per volt. The filament 
voltage is ; 5 and the current is 0.25 ampere. The 
new SP55B is a moderately high impedance valve 
having the exceptionally high amplification factor 


The Burndept Ethotron gas discharge rectifier for 
use in an A.C. battery eliminator. — 


of 35 and a mutual conductance of 0.65mA per 
volt, the impedance being 55,000 ohms. 

Amongst the range of ‘‘ Cossor”” valves should be 
mentioned three of the type which are of recent 
construction. These are 2-volt valves, designed 
as detector, H.F. amplifier, and for power use 


The Atlas full-wave rectifier for obtaining H.T. 
supply from alternating current mains. Grid biasing 
potentials are also provided. 


respectively. The power valve filament takes 
-I5 ampere and the detector and H.F. valves 
-I ampere. A point of interest in the construction 
of these valves is the shock-proof filament suspen- 
sion system. The filament is arched and is held in 
position by a fine wire but is not under tension as 
is the case with other types. It is claimed that as 
a result the filament will withstand shocks without 
risk of breakage. 

B.S.A. Radio, Ltd., have now entered into the 
field of valve manufacture. A number of new 
valves with heavy strip filaments operating at low 
temperatures were shown. The type P425 is a 
power valve with a 4-volt filament consuming 
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0.25 ampere and capable of handling large input 
voltages with a moderate high tension potential. 
The impedance is given as 5,000 to 7,000 ohms 
with an amplification factor of 6.4 to 6.8. Another 
new valve, the PE612, has very similar character- 
istics, and is fitted with a filament consuming only 
0.12 to 0.14 ampere at approximately 6 volts. 
Like the new type Mullard valves, the B.S.A. 
Standard valves (produced jointly by B.S.A. 
Radio, Ltd., and Standard Telephones & Cables, 


G.E.C. battery eliminator fitted with gas discharge 
full-wave rectifier and neon lamp. 


Ltd.) are fitted with pins of unusual construction. 
A slot is cut through the pin not quite reaching to 
the ends so as to give a slight expansion about the 
middle and produce a reliable spring contact with 
the socket. 

Among Marconi and Osram valves those of 
special interest are designed for use as rectifiers in 
H.T. battery eliminators. For single-phase rectifi- 
cation the U4 has been produced, which is a two- 
electrode dull emitter, operated at an applied A.C. 


Burndept Ethopower A.C. unit. 


voltage to the anode of 220 volts maximum (R.M.S.). 
For biphase rectification the U5 is available, 
which is fitted with a dull emitting filament rated 
at 5 volts 1.6 amperes. This valve will withstand 
an applied anode voltage of 250+250 (R.M.S.) 
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maximum, and will provide a direct current up to 
50 milliamperes. 

A new single-wave rectifying valve has been 
produced by Burndept intended particularly for 
use in charging high tension batteries from alter- 
nating supply mains. It is styled the U695, passing 


ke 


Single-wave rectifier for charging H.T. batteries from 
A.C. supply. 


a current of 0.95 ampere at 6 volts and is capable 
of being used for charging accumulator batteries 
up to 120 volts with a maximum charging rate of 
6omA. 


Full Wave Gas Discharge Rectifiers. 


Gas discharge rectifying valves have been pro- 
duced by both Osram and Burndept for use in 
apparatus for obtaining D.C. supply from A.C. 
mains. They are full-wave rectifiers and possess 
the outstanding merit that they can be overrun 
and having no filament will give prolonged service. 


Fellophone A.C. battery eliminator. 


Valves of this type become heated in operation, 
while compared with the thermionic rectifier give 
a wave form that necessitates the use of large 
reservoir condensers in the smoothing equipment. 

Conspicuous at the Exhibition was the variety 
of battery eliminating sets for use on A.C. and 
D.C. supply. 
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A.C. Battery Eliminators. 


The Atlas H.T. battery eliminator produced by 
H. Clarke & Co., of Manchester, is designed to 
provide full-wave rectification with the use of 
either half or full-wave rectifying valves. Its 
power transformer is of large size with obviously 
good insulation between the sections, mid-point 


The half-wave single output rectifier of Tudoradio 
Co., Lid. 


tappings being provided at both output windings. 
Mullard DU5 or DUio valves are used as recti- 
fiers and smoothing is accomplished by the usual 
chokes and condensers though it is interesting 
to note that both open and closed core chokes are 


Climax power transformer for use in the construction 
of battery eliminators. 
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fitted and series connected. Several voltage 
outputs are produced by shunting the rectified 
output across a potentiometer and two fixed 
tappings are made to give approximately 60 and 
150 volts. A third output voltage is controlled 


The Marconiphone power transformer with tapped 
primary so that it can be used on 100/120 voli or 
200/240 volt supply. 


by a multi-contact switch which gives any potential 
in small steps up to the maximum of 150 volts. 
Four taps are also provided to give grid biasing 
potentials of 4, 8, 12 and 16 volts. The entire 
outfit is accommodated in a steel box. 

The General Electric Company also produce 
battery eliminators for use on A.C. and D.C. 


Gambrell set operated entirely from A.C. supply. 
The filaments which pass a current of 0.06 ampere 
are series connected. 
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mains, though it is the A.C. instrument that is of 
particular interest as it makes use of a full-wave 
gas discharge rectifying valve. Owing to the 
particular wave-form obtainable with this type of 
rectifier a very liberal smoothing equipment is 
necessary which is augmented in this instance by 
the use of a neon tube the non-uniform conductivity, 
properties of which assist in providing a smooth 
output. 

The Ethopower H.T. unit of Burndept also makes 
use of a gas discharge rectifier and includes a very 


Cable H.T. unit for use on D.C. supply. A single 
vartable output is obtainable. 


liberal smoothing equipment. To provide more than 
one voltage output a lead is taken from the maxi- 
mum voltage terminal and the potential is dropped 
through a resistance shunted with a by-pass 
condenser. 

Although the use of rectifying equipment suggests 
the entire elimination of H.T. primary or secondary 
batteries there are many who would prefer to 
retain their accumulator source of H.T. supply. 
For use on A.C. mains Burndept Wireless, Ltd., 
offer a useful unit which will provide the necessary 
slow charging rate making use of a thermionic 
valve rectifier. A pilot lamp according to its 
brightness indicates the value of the charging 
current, a visible glow being obtained at 35 mA. 

Among the many battery eliminators making 
use of half-wave rectifiers are the units made by 
the Fellows Magneto Company and the Tudoradio 
Company. The particular merit of the Fello- 
phone high tension unit is that in overall shape 
and dimensions it can replace a dry cell high tension 
battery. 


Wates, Bros., D.C. battery eliminator. 
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A number of parts are available for the con- 
struction of battery eliminators working from 
A.C. supply, the power transformer being the 
component which it is net always convenient to 
construct. Both Climax Radio Electric, Ltd., as 
well as the Marconiphone Co., Ltd., have produced 
suitable transformers for use in full-wave rectifying 


The Rectalloy electrolytic battery charger for 
2, 4 Or 6-volt L.T. accumulators. 


circuits supplying both filament and anode poten- 
tials. The anode circuit winding of the Marconi- 
phone transformer is intended to give 160+ 160 
volts, whilst the transformer is tapped so that it 
can be used on voltages between 100 and 240. 

Other auxiliary apparatus for use in battery 
eliminator construction includes the ‘‘ Climax ” 
smoothing choke and potential divider, the latter 
being wire wound to a resistance of 20,000 ohms 
and tapped in ten sections. 


Ecko mains unit giving one fixed and two adjustable 
output potentials. 


Deriving Filament Supply from A.C. 


The incorporation of a battery eliminator in a 
receiver is carried out by Gambrell Bros., the set 
being of special interest, for both filament heating 
as well as anode current supply are obtained from 
A.C. mains. The rectifier makes use of an Osram 
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Us type valve, the filaments of the receiving valves 
being series-connected and heated from the rectified 
output. This arrangement is entirely new and is 
of special interest particularly as it is used with 
sets fitted with 1, 2, 3 or 4 valves. 


D.C. Potential Dividers. 


Battery eliminators for use with D.C. supply 
have been produced by many manufacturers, and 
consist essentially of a resistance bridging the 
main leads as a potential divider, the output 
being smoothed with the aid of condensers as 
well as chokes in some instances. 


Ethodyne seven-valve superheterodyne receiver. The 
double wound frame is to eliminate long wave 
interference. 


In several of the models provision is also made 
for obtaining grid biasing potentials, though in 
such cases it is essential in order to eliminate 
mains noise to entirely free the grid circuit of 
ripple. In a well-designed D.C. eliminator, how- 
ever, fluctuations of potential in the grid circuit 
may be used to compensate for fluctuations of 
anode potential. Voltage regulation by means of 
series resistances are to be found in some of the 
D.C. sets, and variable high resistances are some- 
times fitted to provide a critical control of H.T. 
potential, so that the voltage drop can be regulated 
according to the resistance of the anode circuit. 
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Almost every manufacturer of complete sets 
has produced a portable receiver, in many cases 
incorporating batteries and loud-speaker. The 
majority of these sets are superheterodynes, and 
it is interesting to consider the circuit arrangements 


adopted. 


Superheterodyne Designs. 


There were at least twenty superheterodyne 
sets shown, and only in a single instance was the 
detector valve arranged to function also as an 
oscillator. The use of a separate oscillator valve 
seems to have become standard practice. 

As to the intermediate amplifier, there is a 
tendency to employ only two high-frequency 
stages, while in many of the sets transformers 
having iron cores are used. It was not easy to 
examine the internal construction of these trans- 
formers, though it would appear that in no single 


Interchangeable oscillator coupling unit fitted to the 
B.S.A. standard superheterodyne. 


instance was the iron core completely closed. 
Several of the couplings were wound in grooved 
spools and fitted with cores of iron wire. It would 
seem that transformers are matched not by 
individual adjustment, but by manufacturing so 
that the windings are physically identical. 
Although it was suggested in some instances 


that matching was effected by adjusting the 


windings, and in others by altering the amount of 
iron used for the core, it would seem that both of 
these methods are rather inapplicable when 
the windings are subsequently enclosed in a 
metal screening box. In order that the spools 
may be of identical inductance, machine methods 
of winding have been adopted in one or two 
instances in preference to running on the required 
number of turns into a given space. No infor- 
mation is available as to the winding ratios, though 
it would seem from the space occupied by the 
windings that step-up ratios, perhaps as high as 
four to one, had been adopted. 

: Many new features of outstanding merit will 
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be found in the Ethodyne intervalve couplings. 


In this set, two stages provide the required 
amplification, and the so-called filter circuit is 
abandoned, both stages being designed to tune over 
the required, though limited, frequency band. 


20-volt Hart H.T. accumulator unit. 


Stabilising the intermediate amplifier is invariably 
carried out by means of a grid potentiometer, 
excepting in the well-known Igranic set where 
stability is produced by neutralising stray capacities. 
By using suitable valves and correctly designed 
transformers, higher amplification per stage is 
now being obtained, with the result that in many 
of the sets only two intermediate stages have been 
employed. The majority of the sets made use of 
frame reaction, and as regards L.F. amplification 
there is a trend towards using a resistance- 
coupled stage followed by a second, which is trans- 
former coupled, a switch being sometimes provided 
for cutting out the resistance amplifier. 


Ediswan “ Hylo”’ 12-volt H.T. section. 


Many of the superheterodynes were tunable 
only over the broadcast band, though in the sets 
shown by L. McMichael Ltd., and the B.S.A. 
Radio, interchangeable oscillator coupling units 
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were fitted. As to tuning the frame, the G.E.C. 
set includes a multi-contact switch which adds the 
necessary loading and at the same time changes 
over the connections to the oscillator so that the 
wavelength of 300 to 3,000 metres is continuously 
covered. 


The new nickel steel alkaline battery for H.T. 
supply by Batteries Lid. 


Among receiving sets employing other circuit 
systems the Pye 5-valve set is of special interest, 
for being designed to receive from the Daventry 
station only the tuning of the two high-frequency 
stages once being accurately adjusted operates 
without the provision of control knobs. The 
two H.F. stages are stabilised by neutralising 
the effects of stray capacity and the detector 
valve which is an anode bend rectifier, is followed 
by two L.F. stages. It is interesting to note here 
the decline in the use of the leaky grid condenser 
for rectification, particularly in sets embodying 
one or more stages of H.F. amplification. The 
Pye set, which is entirely self-contained, is fitted 
with three simple controls, one of which disconnects 
an L.F. amplifier, the second is a continuously 
adjustable volume control and the third is a 
vernier condenser connected across the frame and 
used to correct for small differences of tuning. 
The majority of the portable sets are fitted with 
centre tapped frames. 


Hart H.T. Secondary Batteries. 


The increased use of secondary batteries for H.T. 
supply is evidenced by the considerable number of 
H.T. accumulators shown during the Exhibition. 
The Hart battery, which is of new design, is made 
up in 20-volt units, the individual cells being in 
cylindrical glass containers with sealed tops and 
rubber plugs fitted with glass vents. A wooden 
rack is arranged so that the sections can be as- 
sembled one on top of the other, thus effecting a 
considerable economy in space. 

A novel feature was to be found in the D.P. 
battery, inasmuch as each individual cell was 
completely sealed with a thick rectangular rubber 
plug which permits of the plates being withdrawn 
and the cell easily cleaned out without the need for 
breaking open the cells as in the case when bitu- 
mastic or other material is used for sealing. The 
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D.P. Battery Co., Ltd., have also introduced an 
entirely new form of high tension battery, the 
principal feature of which is the provision of a 
large barrel type switch extending the full length 
of each bank of 20 cells which when rotated gives 
24, 6 or 2 volts at the output terminals. 

The use of glass containers is now standard 
practice at least for H.T. battery construction 
and the Edison Swan Electric Company, in their 
new '' Hymeg ' battery, in addition to the use of 
glass containers, fit glass lids. The glass boxes 
are ribbed externally to provide spacing between 
the cells, and in general the battery, which is carried 
in an acid proof wood case, will be found to be clean 
and comparatively free from acid spray in use. 

The introduction of the steel plate battery for 
H.T. supply by Batteries Ltd., of Redditch, will 
undoubtedly develop. The cells are constructed 
on the lines of the well-known “ Nife’’ nickel 
steel alkaline cell which has proved so successful 
in a number of applications where skilled and 
constant attention are not available. The disad- 
vantage of using cells of this type is that on dis- 
charge the voltage slowly falls, whereas with the 
lead plate battery the voltage remains practically 
constant during discharge. This is perhaps no 
serious disadvantage as regards H.T. supply while 
many advantages are gained. The cells are 
practically foolproof and require no attention 
beyond the occasional addition of distilled water 
and will not deteriorate if left unattended as 
compared with the sulphating that sets in in the 
case of the lead battery. The steel plates cannot 
buckle and the steel containers cannot crack 
while the battery can be short circuited or even 
charged in the reverse direction without damage. 
The charging rate for a given ampere-hour capacity 
is higher than the lead battery but the most 
important merit is its long life in spite of indifferent 
treatment. 


which 
plates are propelled singly from the 
minimum to maximum capacity. 


Dubilier Univane condenser in the moving 


position of 


Components. 


Among components mention might be made of 
the new Cosmos resistance-coupled L.F. ampli- 
fying stage in which the condenser and resistances 
are enclosed in a moulded sub-base which carries 
the valve holder. 
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As regards variable condensers progress has 
essentially been made in the methods adopted 
for supporting the plates, the provision of good 
bearings and a general improvement in finish. 
The Dubilier “ Univane’’ condenser by an ex- 
ceedingly ingenious arrangement gives a critical 
adjustment of capacity without the use of 
gearing. Each moving plate is separately con- 
trolled and by rotating the dial the plates are 
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Exterior of the B.T..H. loud-speaker. It has a 


moving coil movement driving “‘ free edge” cone. 


picked up in turn and carried from the position 
of minimum to maximum capacity. Apart from 
the scale on the dial an auxiliary indicator shows 
the number of plates carried over to the position 
of maximum capacity. 

A useful buzzer wavemeter was shown by 
Gambrell. The type “ D” instrument covers a 
wavelength range of from 50 to 500 metres and is 
fitted with a reliable form of buzzer giving a 
constant note and it is claimed a constant ampli- 
tude in the trains of oscillations. 

The buzzer contact, instead of being rigidly 
mounted, is a spring and this form of construction 
probably accounts for the high note which is a 
distinct feature of the instrument. Two Gambrell 
coils are supplied together with the necessary 
calibration charts. 


Changes in Loud-Speaker Design. 


The decline in the popularity of the horn type 
loud-speaker, which is being replaced by models of 
the cone type, was evidenced at the Exhibition, 
some of the newer models being fitted with cones 
having “free edges.” The principle of using a 
moving coil in a magnetic field is not new in loud- 
speaker construction, but the objection to this 
system has been the need for providing the polarisa- 
tion current for the permanent field thus creating 
an extra drain on the current supply from the 
batteries. 

The new B.T.-H. loud-speaker model R.K. is a 
moving coil instrument with a conical diaphragm 
practically unsupported at its edges. It is under- 
stood that an air-tight barrier is, however, fitted 
round the edge to prevent interaction between 
the sound waves set up from opposite sides of the 
diaphragm, and with this same purpose in view the 
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diaphragm is mounted in the centre of a large 
cabinet so that the entire front board assists in 
preventing interaction, which would have the 
result of considerably reducing the volume of 
sound produced. A polarising field is set up by 
four pairs of permanent magnets, roughly 8 in. in 
length by 14 in. wide and nearly 3 in. in thick- 
ness, and arranged in pairs. An original feature 
also is that of incorporating a power amplifier in 
the loud-speaker cabinet. 


Simple Testing Equipment. 


At several of the stands testing sets were exhibited 
principally for examining valves, making con- 
tinuity tests in high and low resistance circuits, 
and for resistance and capacity measurements. 

Peter Curtis, Ltd., exhibited a testing set suitable 
for making all the usual tests and measurements 
met with by the retailer or small manufacturer. 

Cleartron Radio, Ltd., now produce a simple 
valve testing set which they supply to retailers who 
handle their valves, roughly revealing filament and 
anode characteristics. 

The Liberty Radio tester manufactured by 
Radi-Arc Electric Co., Ltd., is fitted with a two- 
range voltmeter and change-over switch for making 
battery tests, as well as a neon lamp which, when 
connected to the lighting mains, may be used for 
continuity and insulation tests. 


The Liberty testing set for voltage measurements, 
continuity and insulation tests. 


To the transmitting amateur probably the most 
interesting exhibit at the Exhibition was the 
experimental quartz-controlled oscillator shown by 
Mr. A. Hinderlich, M.A., who has apparently 
conducted considerable investigation work on the 
properties of quartz crystal by means of a valve 
oscillator. He demonstrated in a very simple 
way the use of a crystal for controlling fre- 
quency. 
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An Examination of the Properties of 


Audio-Frequency Amplifiers by Means 
of the Duddell Oscillograph. 


By W. Baggally. 


S there appear to be very little if any 
data available on the nature and 
magnitude ef waveform—as distinct 

trom amplitude-distortion produced by audio- 
frequency triode amplifiers as commonly 
utilised in the reproduction of broadcast 
telephony and also for public address purposes, 
—an investigation was undertaken into the 
properties of such an amplifier. 

The diagram of the instrument is shown 
in Fig. I and is quite orthodox ; the coupling 
is by means of “ Radio Instruments ” standard 
pattern audio-frequency intervalve trans- 
formers, Marconi-Osram LS5 valves being 
normally used. 


The Duddell oscillograph suggested itself 
as a possible instrument for use in the present 
investigation, and although widely known 
and used, a short description may not be 
out of place here. 

The basic principle involved is that of the 
moving-coil galvanometer, but in the 
oscillograph the coil is replaced by a single 
tightly stretched loop of phosphor-bronze 
strip, the length of the vibrating portion 
of the loop being defined by bridge pieces in 
a similar manner to the strings of a violin. 
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Bridging this loop midway between the 
two bridge pieces is a very small mirror 
which reflects a beam of light from an arc 
lamp on to a photographic plate which is 
falling freely under the influence of gravity. 

This assemblage is immersed in oil and 
placed between the poles of a powerful 
magnet, the object of the oil being to damp 
the vibrations and render the apparatus 
aperiodic. 

On passing an alternating current through 
the loop, a couple is set up which causes 
the mirror and its reflected beam to oscillate, 
so recording the time graph of the A.C. on 
the falling plate. 

The whole vibrating system is so small 
and tightly stretched that the period un- 
damped is of the order of .ooor second, so 
that no difficulty from resonance effects 
is experienced at moderate frequencies, 
especially in view of the oil immersion. 

In the actual oscillograph, two independent 
vibrators and a fixed mirror to give a zero 
line are immersed in the same oil bath and 
supported between the poles of the same 
magnet. 

Having described in brief the action of the 
oscillograph, an account may be given of the 
actual work undertaken. 

The apparatus of Fig. 2 was set up, after 
having calibrated the vibrators on D.C.; 
a previous experiment had shown that the 
impedance was equal to the D.C. resistance 
at the frequency used in the experiments, 
viz., approximately 480. 

It will be realised that the amplitude of 
swing of the reflected beam gives the peak 
value of the current passing through the 
oscillograph vibrator. 

Owing to various visual difficulties, such 
as the width of the spots of light, readings 
could only be estimated to 0.5 divisions on 
the scale used when calibrating the oscillo- 
graph, so that numerical results probably 
do not attain a greater accuracy than 10 
per cent. 
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The method of examining amplifiers to 
be described is capable of furnishing the 
following information, all referring, of course, 
to the particular frequency chosen :— 

I. An indication of the nature and extent 
of the waveform distortion produced by 
the amplifier under working conditions. 

2. The total voltage amplification obtained 
with specified output conditions. 

3. The peak voltage on the first grid, 
and hence the maximum permissible voltage 
consistent with absence of overloading and 
consequent distortion. 

4. The best working adjustments for the 
amplifier. 

Let us consider the methods of obtaining 
these results in the order given. 


Fig. 3, 


1. For this experiment, it is merely 
necessary to adjust the amplifier to the 
conditions under which it is desired to take 
graphs, at the same time noting that V, 
and V, are giving convenient deflections. 

A photographic plate is allowed to fall in 
front of the vibrating light spots and on 
development the input and output graphs 
will be found superimposed and may be 
examined at leisure, when the nature and 
often also the cause of any distortion present 
will become evident. 


2. Referring to Fig. 2, G is the alternating 
current source; L, a choke coil for the 
purpose of purifying, as far as possible, the 
waveform of the current delivered by G ; 
V, and V,, the vibrators of the oscillograph ; 
R, R, and R,, non-inductive resistances ; 
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PS, a stepdown transformer; and A, the 
amplifier under observation. 

Let the sensitivity of the vibrators be 
adjusted to equality and be S divisions of the 
scale per ampere. 

Let V, and V, be the amplitudes of swing 
of V, and V, respectively, measured in 
scale divisions. 

Let I be the peak value of the current in 
the circuit GL R V.. 

Let E be the peak value of the amplifier 
input E.M.F. | | 

With A removed, let the primary terminals 
of PS be connected across R, also let R, 
be removed and R, short-circuited, and 
with the alternator running let R be adjusted 
until V,=V,; let this value of R be denoted 
by K, the shunt effect of PS being in general 
negligible. 

Let N be the ratio of the peak value of the 
current in the circuit S R, R, to the peak 
value of the current in the circuit R, V.. 

Let M be the voltage amplification of A 
with PS in the output circuit, the secondary 
of PS being loaded with a resistance V, 
where V is the resistance of V,. 

Then with the amplifier removed as above, 
M=1, also N=I, V;=V,; and R=K. 

Now keeping all other conditions un- 
changed, let A be introduced into the circuit, 
then we have 

E,»=ME 
where Ep is the peak voltage across the 
primary terminals of PS. 


Therefore V,=MV, 


or ea 
Now assume K changed to some other 


value R, then since E changes in the same 
ratio without affecting V, we have 


KV, 
ia RV, 
Now let R, and R, be introduced and we 
_NKV, 
obtain M=- RV, (1) 


Now in order to obtain N w> can proceed 
as follows :— 

It is necessary that the load on P5 be 
kept constant throughout the experiments 
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and equal to the resistance of V, alone, 
so that we have 


I ; 
R: +— =l 
- I/R,+1/b 
which becomes 
V2=R,(R,+V) ‘isle (2) 
also from the theory of shunt circuits we have 
V 
R,=— im sala (3) 
Ng = 
substituting for R, in (2) we obtain 
l 2—R, | V -4 
É N—I | 


transposing we have 


Oscillograph 1. 


It will thus be seen that by making 
measurements of the amplitudes cf swing 
of the oscillograph vibrators, at the same 
time noting the values of the various re- 
sistances, the amplification obtained at the 
frequency used is at once obtained by the 
above simple formula. 

Of course, when the amplifier is removed 
from the circuit, an oscillogram may be taken 
and will show up any waveform distortion 
occurring in PS. 

3. The peak voltage impressed upon the 
first grid is obtained from the relation 

VR 
E S = vaŭ (5) 


which is obvious and requires no proof. 


4. If a rotating mirror is available, the 
reflected beams from the oscillograph may 
be allowed to fall upon a small white screen, 
the screen being viewed by reflection in the 
revolving mirrors, when the waveforms will 
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be visible ; the adjustments of the amplifier 


are then varied until the distortion is reduced 
to a minimum. 


Oscillograph 2. 


The following tests were conducted on the 
amplifier in order to illustrate the method :— 


E was adjusted to a value of 1 volt peak, 
as probably representing average con- 
ditions, the frequency of the generator 
being, as previously mentioned, about 480 
cycles per second. 

Oscillograms 1-4 were then taken on the 
amplifier with one, two and three stages, 
using LS5 valves, and with three stages 
using R4 valves respectively ; the operating 
details are shown in the table. 


Oscillograph 3. 


Oscillograms 5 and 6 are included as 
examples of what may happen to the output 
waveform if the amplifier is wrongly used ; 
No. 5 shows the effect of excessive over- 
loading, while No. 6 was taken while the 
valves were oscillating at a frequency of the 
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order of Io“ cycles per second and is a 
tribute to the facility with which the 
oscillograph follows rapid and complex 
current fluctuations. 


Oscillograph 4. 


No precise details are available concerning 
these last two graphs, as they were obtained 
in the course of preliminary work. 

It can easily be shown that a triode 
possessing the constants of the LS5 re- 
quires an anode voltage of about 300 and 
a negative grid potential of about 30 volts 
in order to take full advantage of its 
characteristics. (It will be noticed from 
oscillogram 3 that the last valve is over- 
loaded when the anode and grid voltages are 
120 and Io respectively.) 

In order to determine the maximum 
permissible peak voltage on the first grid 
under the best working conditions, a 
potential of 300 volts was applied to the 


Oscillograph 5. 


anodes, the immediate result being the 
breakdown of one of the intervalve trans- 
formers, which were of the old (non-sectional) 

manufactured by Messrs. Radio 
Instruments, Ltd. 
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These were replaced by the new (section- 
ally wound) type by the same firm and the 
amplifier again connected up. 

The instrument was now found to be 
oscillating at a frequency of about 16 periods 
per second, and in order to stabilise it, 
it was necessary to connect a (nominal) 
0.1 megohm leak across the secondary 
of the first transformer and reduce the anode 
potential to 230 volts. 

The output wave was then examined in a 
rotating mirror while the input voltage was 
increased until the first signs of distortion 
appeared, and then decreased until the 
distortion just disappeared. 

The value of input voltage was calculated 
and found to be 0.49 volt, the amplification 
being 216, the steady grid potential 30 
volts and the anode voltage 230. 


Oscillograph 6. 


Keeping the grid and anode voltages 
constant, the amplification with two stages 
was 40 and with one stage 4. 

These figures, and those in the table, 
giving the amplification produced by the 


TABLE. 


E.M.F. on first grid=1 volt peak. 
Anode volts = 120. 

Grid volts=ro. 

LS5 valves, filament current normal. 


yo 
Oscillo- No. of Loud- Voltage 
gram No. stages. speaker. | amplification. 

I I | Very weak 3.2 

2 2 Moderate 40 

3 3 | Loud 150 


R valves, “anode volts 65, grid volts 1.5, filament 
current excessive 


| 3 
E 


| Weak | 15 
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various combinations of stages, call for 
some comment, and further research along 
these lines is probably indicated. 

It may be said at the outset, that there 
are no mechanical faults in the amplifier, as the 
valves and transformers have been changed 
and all tested separately, also the individual 
complete stages, in their places .on the 
ebonite panel. : 

The low amplification given by the first 
stage is explained by the fact that this 
figure does not include the step-up of a trans- 
former, which is included in the values for 
the other stages. 

It will, however, be observed that the 
total amplification given by the three stages 
working together should be 4X10X10= 
400, whereas that actually obtained is about 
one-half this number. 

Pending further experiments, the writer 
is inclined to think that the cause may be 
reverse reaction effects between the stages, 
as it is found that on reversing the con- 
nections to primary or secondary of either 
of the intervalve transformers, the instrument 
oscillates violently, thus demonstrating the 
presence of reaction effects which, when 
shifted in phase by 180 degrees, may lower 
the amplification. 

It was also found on one occasion that 
merely reversing the connections to the 
primary of the output step-down transformer 
caused the amplification to change from 75 
to 172, thus showing that large variations 
in the amplification attained under slightly 
differing conditions are to be expected. 

The loud-speaker results given were 
obtained by changing over the amplifier 
output from the oscillograph and its 
auxiliary apparatus to a large “ Magnavox ” 
loud-speaker and are merely intended to act 
as a very rough guide as to what may be 
expected under the conditions quoted. 

It is to be noted that the frequency (about 
480) is somewhat low for a loud-speaker, 
so that it is probably not working to the 
best advantage; however, the loud-spea ker 
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tests are interesting when comparing the 
oscillograms. 

The loud-speaker strength when using 
three stages with 230 volts on the anodes 
and an input of 0.49 peak volt, was about 
the same as with 120 volts on the anodes 
and an input of I peak volt, although in the 
former case distortion was absent and in the 
latter, quite marked; this is an excellent 
example of the enormous advantage, both 
in purity and volume, to be derived from the 
use of sufficient anode potential to bring the 
straight portion of the characteristic to the 
negative side of the axis of anode current. 

The writer draws the following conclusions 
from the experiments, but in what follows 
due allowance must be made for the preference 
generally evinced by loud-speakers for the 
higher frequencies. 

I. An average general purpose receiving 
valve operating a loud-speaker, however 
weakly, using average values of anode 
voltage (e.g., 65) and grid potential (e.g., 
I.5), will in general be overloaded. 

2. A power amplifier valve of the LS5 
class, using the values of anode and grid 
potential usually to be found in loud-speaking 
broadcast receivers (e.g., I20 and IO, say), 
will produce a moderate volume of sound 
sufĥcient to fill a fair-sized room without 
overloading, but no more. 

3. A similar valve, whose anode and grid 
potentials have been so raised as to make 
use of the whole of the linear part of the 
characteristic curve, is, with a suitable loud- 
speaker, capable of producing a considerably 
greater volume. 

Statements such as the above are of 
necessity of a vague general nature, owing 
to .the difficulties of estimating sound 
Intensities, etc. 

It is almost certain that quite a large 
amount of distortion may pass unnoticed 
owing to the tolerance of the human ear, 
but it nevertheless may be perceived sub- 
consciously, so that every effort should be 
made to reduce it to the absolute minimum. 
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Calibration of Ultra Short Wavelengths. 


F. Aughtie, B.Sc. (G6AT). 


for short wavelengths is to employ a 

calibrated oscillator, which is rich in 
harmonics, and by taking readings of succes- 
sive “ chirps ” determine the order of the 
wavelength and hence determine which 
harmonic of the oscillator is beating with the 
receiver. = 

An example will make this clear: Suppose 
we obtain chirps at 120, 150, and 180 metres, 
the differences between readings are both 
30 metres and we see that the receiver is 
oscillating at 30 metres, beating with the 
4th, 5th and 6th harmonics of the wave- 
meter respectively. 

If, however, we try to calibrate on about 
5 to IO metres from a wavemeter whose 
fundamental range is, say, 100 to 200 metres, 
some considerable difficulty is experienced in 
determining which harmonic of the wave- 
meter is causing the chirp. The reason for 
this is as follows :— 

An ordinary condenser dial cannot be read 
to within less than about half a degree, that 
is roughly to within one-third per cent. 
This, combined with the fact that the calibra- 
tion curve will not actually be perfectly 
smooth—although it will be drawn so— 
causes the average wavemeter to have an 
accuracy not better than half of one per cent. 
Now suppose we get chirps at 100 and 105 
metres by wavemeter. Our 100 metres may 
be anywhere between 100.5 and 99.5; simi- 
larly the 105 metres is somewhere between 
105.5 and 104.5 roughly. Hence the differ- 
ence between these may be anything between 
4 and 6 metres. Are we, therefore, at the 
25th harmonic of 100 metres or at the 17th, 
or which one in between these is the right 
one to choose ? 
of the wavemeter the latitude of successive 
differences will increase so that even by 
averaging we are still left to make the choice 
between four or five possible values. 


Te usual way of calibrating a circuit 


After some thought the writer has evolved ' 


a method of deciding which harmonic is 
causing the chirp, and is writing this article 


If we go higher up the scale 


[R213 


trusting that the method may be of some 
help to other experimenters interested in the 
ultra short wavelengths. The method is 
best explained by an example :— 

In an actual calibration (of the minimum 
wavelength for a particular coil) chirps were 
heard at settings of the calibrated oscillator 
corresponding to 150.7, 156.1, 161.4, 167, 
and 172.5 metres. The successive differences 
are: 5.4, 5.3, 5.6, 5.5 metres. Set out five 
columns and at the head of each place the 
readings 150.7, 156.1, etc. (see Table 1.). 
In each column write the value of the 
different harmonics of the particular wave- 
length which may be correct and also one or 
two above and below these, 1.e., under 150.7 
we have written the readings 6.03, 5.80, 5.58, 
5.38, 5.20, 5.03; being respectively the 25th, 
26th, 27th, 28th, 29th, 30th harmonics of 
150.7 metres. Under 156.1 we have 6.02 
. . . 5.04 being the 26th 31st 
harmonic. And so on for the other readings. 


TABLE I. 


Differences are: 5.4, 5.3, 5.6, and 5.5. 


TABLE II. 
147.8 | 153 | 158.4 | 163.8 169 
5.68 | 5.67 | 5.67 5.65 5.64 
547 | 547 | 5.46 5-47 5-45 
5.28 5.28 | 5.28 5.28 5.28 
5.10 | 5.11 5.12 5.12 5.125 
4.83 4.94 4-95 4.96 4.97 


| | 
Differences are: 5.2, 5.4, 5.4 and 5.2. 


Now look along the first line ; the readings 
are: 6.03, 6.02, 5.98, 5.97, 5.95: there is 
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a steady fall from left to right. Along the 
bottom line the readings are 5.03, 5.04, 5.05, 
5.06, 5.07—a steady vise from left to right. 
On looking at the whole table, it will be seen 
that in all the lines above the one 5.38, 
5.38, . 5.39, there is a fall from left to 
right, whereas in all the lines below this one 
there is a steady vise from left to right. It 
is therefore clearly seen that the particular 
wavelength measured lies between 5.38 and 
5.39. Our probable error, therefore, is of 


634 


EXPERIMENTAL WIRELESS & 


the order of 0.2 per cent. despite the fact that 
the successive differences differed by quite 
a considerable amount. 

To make the method quite clear a further 
example is set out in Table II. As before, 
the readings of the wavemeter are given at 
the head of the columns; successive differ- 
ences give the clue as to which harmonics to 
write down and these are entered in the 
columns. it will be seen that in this case 
the wavelength was 5.28 metres. 


A Very Sensitive Valve Galvanometer. 


By Prof. G. W. O. Howe, D.Sc. 


JAEGER and H. Scheffers, of the 
Siemens & Halske Co., have recently 
edescribed“ a very sensitive valve 
galvanometer employing a double grid valve 
with resistance back-coupling. The diagram 
of connections is shown in the figure. 


The 


space charge current ts of the inner grid 
and the anode current 7, are always together 
equal to the saturation current, so that 
13 -1,=t,=cconstant. The current ts passes 
through the back-coupling resistance R, 
and tends thus to lower the potential of the 
outer grid. The current 7, to be measured 
passes through the resistance R, and thus 
tends to raise the potential of the outer 
grid; hence its resultant potential V, 
=1,R,—1;R;+B. The bias voltage B may 
be positive or negative. In the anode 
circuit, 1,=(V,FaV,) R, where a and R; 
are constants of the valve, assuming that one 


* Sce Elektrotechnik und Maschinenbau, p. 1038, 
27th December, 1920. 


[R251 


is working on the straight part of the 
characteristic. 

From these three equations it can be 
shown that 


WiL Ro 
(aR 


As R, approaches R, in magnitude this 
expression approaches infinity, and a very 
small change in the current 1, causes a very 
large change in V, and therefore also in the 
anode current which is read on a sensitive 
galvanometer. The effect of the back- 
coupling is equivalent to an increase in the 
steepness of the characteristic of the valve ; 
it can be explained very simply as follows : 
The current 1, increases the potential of the 
outer grid; this causes an increase of the 
anode current, but since the inner grid is so 
positive that its current together with the 
anode current is equal to the constant emission 
current of the filament, the increase of anode 
current causes a decrease in the current 
1, and therefore a reduced voltage drop in 
the resistance R,;. This tends to raise 
the potential of the outer grid still further 
and the whole cycle is gone through again, 
the effects being cumulative. 

One cannot push the sensitivity too far, 
however, owing to the difficulty of keeping 
the filament temperature constant, but with 
care the value of R, can be so adjusted that 
the effective steepness of the characteristic 
is ten times its original steepness. 
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Abstracts and References. 


Compiled by the Radio Research Board and reproduced by arrangement with the Department 
of Scientific and Industrial Research. 


R000.—WIRELESS AND GENERAL. 


Roo8.—UNITED STATES—RADIO PATENTS. (Elec- 
trical Review, 13th August, 1926, p. 264.) 


“The rise of radio has resulted in the swamping 
of the United States Patent Office with applications.'” 
Although the number of examiners handling radio 
applications has been almost trebled, 1,850 petitions 
are pending, and the radio division is five months 
behind the applications. 


Roo8.—SAFEGUARDS FOR THE RADIO INVENTOR.— 
—E. Curtis. (Proc. Inst. Radio Engineers, 
Vol. 14, August, 1926, pp. 471—477.) 
Precautions to be taken by the radio inventor 
who is not associated with an organisation which 
includes a patent department, with explanation 
why such precautions are necessary. 


Ro70.—CoLLEGIATE TRAINING FOR THE RADIO 
ENGINEERING FIELD.—C. Jansky, Jr. (Proc. 
Inst, Radio Engineers, Vol. 14, August, 1926, 

PP. 431—445.) T 
A paper presented before the Chicago section, 
I.R.E., in March, and at the New York meeting 
in June, together with the discussion following it. 


Ro80.—SHORT-WAVE TRANSMISSIONS. (Wireless 
World, 18th August, 1926, pp. 221-—222.) 


A list of some 140 stations in all parts of the world 
working on wavelengths between 13 and 150 metres. 


R100.—GENERAL PRINCIPLES AND THEORY. 


R113.—NOTES ON WIRELESS MATTERS. (Electrician, 
23rd July, 1926, p. 100.) 


Two letters referring to Mr. Turner’s article on 
wave propagation in the issue of 9th July, p. 42 
(these abstracts, E.W.& W.E., September, 1926, 
p. 567). The first is from the author himself cor- 
recting certain misprints in formula (d), and the 
second is from Mr. T. L. Eckersley, showing that 
formula (b) is incorrect, and that the field strength 
is not proportional to 1/ VH, but to 1/H, the power 
radiated not being independent of H. 

In the Electrician of 13th August, p. 176, Mr. 
Turner replies to this objection. 


R113.— WIRELESS TRANSMISSION I. & II.—Charles 
E. Snell. (Electrical Review, 23rd July, 
p. 138 and 6th August, 1926, p. 207.) . 


The first article discusses the subject particularly 
from a theoretical aspect and suggests a way of 
bringing theory and practice into agreement. 

The second article deals with the phenomena of 
the daylight eftect and atmospherics showing that 
light is thrown upon these by the views put forward 
in the first article. 


The following conclusions are reached :— 


1. Wireless transmission is dependent partly 
on the electrical conductivity of the earth’s surface 
and partly on the dielectric properties of the earth's 
atmosphere. 

2. The electrical conductivity of the earth’s 
surface is invariable and is the contributory cause 
of the constancy of efficiency shown in daylight 
transmission. 

3. The variations in transmission efficiency at 
night are occasioned by variations in the air 
dielectric brought about by night radiation from 
the earth’s surface. 

4. The night radiation from the earth’s surface 
is a function of the sun’s mean altitude so far as 
this radiation influences the electrical efficiency 
of the air dielectric; other causes, however, 
occasion transient variations in the night radiation 
sufficient to obscure this relationship in isolated 
observations. 

5. The transient variations in the earth’s night 
radiation are present to a greater degree in cases 
of overland transmission and in the vicinity of 
land masses. 


With regard to “atmospherics,” disturbances at 
night are stated to be frequently due to earth 
currents circulating in the neighbourhood of the 
receiving aerial. It 1s suggested that these currents 
arise from the equalisation of potential differences 
between the materials of the earth’s surface. 

A letter referring to this article, by T. Barton, in 
the issue of 20th August, p. 301, suggests that the 
all-important factor in wireless transmission is its 
wavelength of propagation. Evidence is given to 
show that greater distances of transmission can be 
obtained during the day than during the night, 
using short wavelengths. 


R113.1.— WIRELESS SIGNAL FADING.—E. V. Apple- 
ton. (Wireless World, 11th August, 1926, 
pp. 181—182.) 


A simple method of measurement and some of 
the results obtained. 


R113.1.—ON THE RELATION BETWEEN SHORT 
WAVELENGTHS AND POSSIBLE COMMUNI- 
CATION HOURS TOGETHER WITH THE COM- 
MUNICATION DISTANCE.—T. Nakayama, T. 
Ono, and C. Anazawa. (Journ. Inst. Elect. 
Engineers of Japan, July, 1926, pp. 695— 
711.) 


Description of a year’s investigation which leads 
to the following conclusions :— 


1. The wavelength of about 24 metres is 
critical. 


2. Waves of 25 metres or more are best 
utilised for night long distance communication. 
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3. Waves of 22 metres or less are good for 
daylight long distance communication. 

4. The phenomenon of skipped distance 
exists especially for waves below 20 metres. 


R113.2.—SPECIFIC STUDY OF CONDITIONS AFFEC- 
TING RANGE OF RADIO STATIONS.—C. 
Jansky, Jr. (Bulletin No. 297, U.S. Bureau 
of Standards.) 


A paper describing the organisation of a group 
of observers by the bureau, the methods employed 
for making observations, and the forms used for 
recording 8,500 observations made over a period of 
a year (1922-23). The data obtained were analysed 
on automatic machines, and charts were given 
showing the variation of strength of atmospheric, 
variation of fading, relative magnitude of obstacles 
to reception, variation of interference from receiving 
sets, relative magnitude of obstacles to reception 
grouped in bi-monthly periods, and mean re- 
liability of reception as a function of distance. 
R113.4.—UPPER AIR PHENOMENA. 

August, 1926, p. 221.) 


An account of Dr. Dobson's paper: “The 
Uppermost Regions of the Earth's Atmosphere,” 
being the Halley lecture given on 5th May, 1926. 
The paper reviews the present state of our know- 
ledge of the constitution of the upper atmosphere 
and of the chief natural phenomena occurring 
above the isothermal layer. 


(Nature, 14th 


R113.4.—METEORS AND THE CONSTITUTION OF 
THE UPPER AIR.—Prof. Lindemann. (Nature, 
7th August, 1926, pp. 195—198.) 


The view is expressed that the persistence of the 
conducting layer at night is due to solar radiation 
forming some unstable substance, such as ozone, 
which gradually reacts or breaks up forming ions 
during the hours of darkness, and that the layer 
of maximum ionisation after sunset will move up 
as the ozone becomes used up during the night to 
regions of lower density where the rate of reaction 
is smaller. It is explained that it is above 50 km. 
that the concentration of ozone compared with 
that of water-vapour and carbonic acid becomes 
important and that the amount of ozone formed 
per cm.3 reaches a maximum somewhere in the 
neighbourhood of 60 km. 

This hypothesis will account for the height of 
the Heaviside layer varying from 50 km. at sunset 
to some 80 km. at sunrise which the facts observed 
in radio seem to require. 


R1r13.4.— RELATION BETWEEN THE HEIGHT OF 
THE KENNELLY-HEAVISIDE LAYER AND 
HIGH FREQUENCY RADIO TRANSMISSION 


PHENOMENA. A. Hoyt Taylor.—Proc. Inst. 
Radio Engineers, Vol. 14, August, 1926, 
Pp. 521—540.) 


The theoretical basis of this paper was published 
in the Physical Review for January, 1926. That 
paper was in turn based upon certain experimental 
data which have been considerably extended since 
the date it was submitted for publication. The 
present paper describes further investigation of 
the skip distance effect, and the indication that it 
gives as to the height of the Heaviside layer, and 
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the lower limit of wavelength which will be useful 
in long-distance communication. The results are 
not summarised. An interesting case is mentioned 
of a station that appears to show no skip at all. 


R113.7,— ON THE ATTENUATION OF WIRELESS 
SIGNALS IN SHORT DISTANCE OVERLAND 
TRANSMISSION.—J. Ratcliffe and M. Bar- 
nett. (Proc. Cam. Phil. Soc., July, 1926, 
pp. 228—303.) 


The following summary is given :— 


I. It is pointed out that the signal strength 
of a wireless wave at a distant point depends 
on :— 

(a) the electrical constants of the ground, 

(b) the curvature of the earth, 

(c) the existence of an “ atmospheric ” ray 

coming downwards from the Heaviside 
layer. 


2. We can eliminate the effect of (b) and (c), 
and so obtain direct evidence about the electrical 
constants of the ground, by making measurements 
near the transmitter. 

3. Measurements on wavelengths of 300 metres 
and upwards give information about the resis- 
tivity of the ground, and on shorter wavelengths 
(15 metres) give the dielectric constant of the 
ground. 

4. Attenuation measurements have been made 
over short distances for wavelengths of 1,600 
metres and 360 metres. 

5. The results are compared with those calcu- 
lated from Sommerfeld’s theory and show close 
correlation for distances beyond 10 wavelengths 
but show deviations from the theory for shorter 
distances. 


They give as values for the resistivity of the 
ground 


p = 1.8 x 108 E.M.U. 
for the Daventry signals, and 

p = 0.6 x 108 E.M.U. 
for the London signals. 


A note is added saying that since the paper was 
written further measurements have been made 
within 20 miles of the London transmitter, which 
show that calculations based on a single value of 
“o” will not give as close an agreement with the 
experimental results as can be obtained by assuming 
that p changes with the nature of the ground. 
For example, the results up to 20 miles agree 
with the value p=2x 10183 E.M.U., whereas the 
results for greater distances, as shown above, 
indicate the value p=o0.6x108 E.M.U. It is 
interesting to note that such a change in p would 
be anticipated from the known geological nature 
of the ground, which consists of London clays 
up to about 20 miles from the transmitter and of 
chalk at greater distances. 


R113.8.—RELATIONS ENTRE LES PERTURBATIONS 
ELECTROMAGNETIQUES ET LES TROUBLES 
SOLAIRES.—A. Nodon. (L'Onude Electrique, 
Vol. 5, July, 1926, pp. 359—364.) 

The following summary is given :— 
The propagation of electromagnetic waves 
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appears to be closely linked with the state of 
ionisation and conduction of the upper layers of 
the atmosphere. The ionisation seems due to 
ultra penetrating radiation emitted by the sun and 
stars. This emission undergoes profound modifi- 
cations during solar and electromagnetic distur- 
bances, entailing corresponding effects in radio 
propagation. 


R113.9. — POLARISATION CHANGES CAUSED BY 
GROUND ABSORPTION.—E. F. W. Alexander- 
son. (General Electric Review, August, 1926, 
PP- 553—554.) - 

In the reception of short waves, the signal often 
appears to come in with equal strength from all 
directions. Measurements with a loop indicate 
the presence of a horizontal and a vertical wave 
component with different velocities of propagation, 
resulting in differences of polarisation from point 
to point. The author discusses the phenomenon, 
using as an analogue sound waves proceeding from 
a loud-speaker horn, and suggests that the earth 
may absorb the horizontal polarised waves and 
reflect the vertical ones, thus giving rise to a twisting 
wave spiral. 


R114. — PERTURBATIONS ATMOSPHERIQUES ET 
LONGUEURS D’ONDES.—H. de Bellescize. 
(L'Onde Electrique, Vol. 5, July, 1926, pp. 
347—358.) 

The following summary is given :— 

Propagation formule, connecting the oscilla- 
tions in transmitting and receiving antenng, can 
only be of practical utility when the correspondence 
that exists between the electromotive forces 
received and the degree of security obtained is 
definitely known. Now atmospherics constitute the 
principal obstacle to be surmounted, and it is 
therefore upon them that the values to give these 
electromotive forces depend. 

It is examined whether the hypothesis on which 
atmospherics vary arbitrarily is able to account 
for the results found by experiment. 

A first verification based on the measurement of 
electromotive forces equivalent to the disturbances 
tends to prove that, on the average, these latter 
increase slightly with the wavelength, while a 
second method consisting of combining the hypo- 
thesis with Austin’s propagation formula leads 
to the opposite result. 

It seems then, on the one hand, that the hypo- 
thesis can be retained, as a first approximation, 
and on the other hand, that current propagation 
formule should undergo slight alteration so as to 
less favour decreasing waves. 

It is insisted that where the hypothesis is con- 
cerned, as also the verifications attempted, refer 
only to a mean value around which the instantaneous 
phenomena vary without doubt within wide hmits. 


Rr14.— LES ATMOSPHERIQUES. — R. Bureau. 
(L'Onde Electrique, Vol. 5, July, 1920, pp. 
301—346.) 


“ Conference de documentation faite à la Société 
des Amis de la T.S.F., le 19 mai, 1926.” 

The paper, whose main theme is that atmos- 
pherics are not caused by storms, but ascending 
currents of air, is divided into five sections :— 
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baj 


. Methods of observation and measuring 
instruments. 

. Results. 

. Meteorological influences. 

. Theories. 

. Conclusion. 
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Observations on the frequency of atmospherics 
are discussed, and on their intensity, directivity, 
wavelength and nature. The results are found to 
show three distinct types of variation :— 


(a) With a maximum at night. 

(6) With a maximum in the afternoon. 

(c) With any distribution of the periods of 
violent atmospherics. 


These three types point to three distinct causes 
for atmospherics and can serve as a basis for their 
classification. 

The first type, which is the least important of 
the three, is thought to originate in layers of 
anti-cyclonic inversion; its disappearance at 
sunrise corresponds to descending currents extending 
down to the ground ; the second type is attributed 
to the heating of the ground by the sun and the 
resulting ascending currents of air; and the third 
to the effect of atmospheric discontinuities. All 
three refer back to the vertical temperature 
gradient. 

The properties of atmospherics of the second 
type (grinders) are shown to follow from their 
origin (air ascending owing to solar heating of 
ground), for they 


(a) Appear at a definite time (afternoon) ; 

(6) Are much more intense in summer than in 
winter ; 

(c) Are much more violent over the continents 
than oceans; 

(d) Are observed chiefly in low altitudes ; 

(e) Diminish rapidly in intensity with altitude ; 

(f) Are specially violent when the meteorolo- 
gical situation favours ascending currents due to 
solar heating of the ground (in France pseudo 
polar front). 

The properties of the third type of atmospherics 
(clicks) are also linked with their origin (convection 
currents caused by the movement of masses of air), 
for they 

(a) Appear at any hour of the day or night: 

(b) Are not confined to the warm season, but 
are also observed in winter ; 

(c) Are characteristic of medium latitudes ; 

(d) Appear indifferently over sea or land, 
though they can be reinforced by mountain 
chains which have an effect on meteorological 
perturbations ; 

(e) Vary in intensity with altitude, the direc- 
tion of variation depending upon the meteoro- 
logical situation ; 

(f) Develop parallel with the meteorological 
perturbations (appear with cold fronts and 
disappear with warm). 


The atmospherics coming through at any station 
almost always belong to the three categories, and 
if they are studied em bloc it is impossible to avoid 
observing a mixture of the properties of the three 
varieties. 
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As concerns other theories on the origin of atmos- 
pherics, cosmic ones are not considered justifiable, 
and the theory of local meteorological action is set 
over against that of a tropical origin for atmos- 
pherics. 

An exhaustive bibliography of the subject is 
appended, also a communication from Mr. Watson 
Watt, made at the end of the lecture, where he 
briefly indicates the newer methods of the Radio 
Research Board, which lead to other conclusions 
than those arrived at by M. Bureau. ` 


R114.—LIGHTNING. 
p. 190.) 

A letter by Dr. Dorsey referring to Dr. Simpson’s 
article (Proc. Roy. Soc., May, 1926), intending to 
show that the positive tongue theory advanced 
by Dr. Simpson and the electronic dart theory 
proposed by himself are not conflicting, but 
mutually complementary (see these abstracts, 
E.W. & W.E., July, 1926, p. 454.) 

A reply from Dr. Simson follows in which he 
indicates fundamental difference between his point 
of view and that of Dr. Dorsey. 


(Nature, 7th August, 1926, 


RI20.—STRAIGHTENING OUT THE ANTENNA.—B. 


Melton. (Q.S.T., Vol. 10, August, 1926, 
pp. 30-32.) 
An article “intended to straighten out our 


ideas on radiating systems in general.” 


R125. — PRACTICAL DIRECTION - FINDING.—R. L. 
Smith-Rose and R. H. Barfield. (Wireless 
World, 11th August, 1926, pp. 193-197.) 


Construction and calibration of an accurate 
direction-finder for amateur use. 


R125.1.— THE CAUSE AND ELIMINATION OF NIGHT 
ERRORS IN RADIO DIRECTION-FINDING.— 
Dr. Smith-Rose and R. Barfield. (Journ. 
Inst. Elect. Engineers, Vol. 64, August, 
1926, pp. 831-843.) 
A paper read before the Wireless Section, 5th 
May, 1926, summarised as follows :— 


The paper describes experiments which have 
been carried out with a view to obtaining more 
conclusive evidence as to the causes of the apparent 
variations in bearings observed under certain 
conditions on wireless direction-finders. In the 
course of the experiments the Adcock “ four- 
aerial ” direction-finder has been developed, and 
with its aid it has been shown that the actual 
deviation in azimuth of wireless waves is practically 
negligible. These experiments thus constitute 
a proof that the variable errors observed on closed- 
coil direction-finders at night are caused by down- 
coming waves arriving from the upper atmosphere 
and polarised with the electric force in a horizontal 
plane. The investigation also indicates the possi- 
bility of the Adcock system being developed into 
a practical direction-finder which is free from 
night errors, and those errors associated with 
observations on aircraft transmissions made at a 
ground direction-finding station. 

The discussion following the reading of the paper 
is also given. 
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Rr25.6. — DIRECTIVE DIAGRAMS OF ANTENNA 
ARRAYS.—R. Foster. (Bell System Technical 
Journal, Vol. 2, pp. 292-307.) 


Two systematic collections of directive amplitude 
diagrams are shown for arrays of two and of sixteen 
identical antennz spaced at equal distances along 
a straight line with equal phase differences intro- 
duced between the currents in adjacent antenne, 
assuming that each antenna radiates equally in 
all directions in the plane of the diagram. The 
diagrams may be used to obtain the directive 
diagram in any plane though an array made up of 
antenng which do not radiate equally in all direc- 
tions in this plane but which satisfy the other 
conditions. The total directive effect is given as 
the product of the individual effect multiplied by 
the group effect. 


R130.—DEMONSTRATION OF SOME SIMPLE ExPERI- 
MENTS WITH THERMIONIC VALVES.—Dr. 
Rayner. (Proc. Phys. Soc. Lond., Vol. 38, 
November 4, 1926, pp. 335—336.) 


- R130.—OPERATION OF THERMIONIC VacuuM TUBE 


CIRCUITS.—F. B. Llewellyn. (Bell System 
Technical Journal, July, 1926, pp. 433— 462.) 

The following synopsis is given :— 

Given the static characteristic of grid current- 
grid potential, and plate current-plate potential, 
for any three-element vacuum tube, the general 
exact equations for the output current when the 
tube is connected in circuits of any impedance 
whatsoever, and excited by any variable voltage, 
are here derived. The method of derivation is 
inustrated in the special case where resistances 
only are considered, and the adaptation of complex 
impedance to use in non-linear equations is shown. 
Approximations that are allowable in various 
practical applications are indicated, and the 
equations are applied in some detail to grid-leak 
detectors, and in brief to other types of detectors, 
modulators, amplifiers and oscillators. 


R131.— VALVE CHARACTERISTIC SURFACES. — E. 
Harwood. (Wireless World, 11th August, 
1926, pp. 185-187.) 
Investigation of the best working conditions for 
a valve oscillator. 


R.131.—USE OF PLATE CURRENT-PLATE VOLTAGE 
CHARACTERISTICS IN STUDYING THE ACTION 
OF VALVE CIRCUITS.—E. Green. (E.W.G6- 
W.E., July, 1926, pp. 402—406; August, 
1926, pp. 469—476.) 


R138.—EQUATIONS FOR THERMIONIC EMISSION.— 
P. Freedman. (Nature, 7th August, 1926. 


p. 193.) 


R144.—EFFECTIVE RESISTANCE OF INDUCTANCE 
COILS AT RADIO FREQUENCY—Part IV.— 
S. Butterworth. (£.W.& W.E., August, 
1926, pp. 483—492.) 


R149.—SuR LA D£TECTION PAR LES CONTACTS 
METALLIQUES DÉTECTEUR SYMETRIQUE.— 
H. Pelabon. (Comptes Rendus, 28th June. 
1926, pp. 1605—1607.) 
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R162.—AERIAL FILTER CIRCUITS. — P. Tyers. 
(Wireless World. 4th August, 1926, pp. 
169—171.) 


Experiments with a simple method of improving 
unselective receivers. 


R200.—MEASUREMENTS AND STANDARDS. 


R201.—EMPLOI DE L'ELECTROMETRE A QUADRANTS 
DANS LES MESURES DE PRECISION EN HAUTE 
FREQUENCE.—L.Cagniard. (Comptes Rendus, 
21st June. 1920. pp. 1528—1530.) 


R235.—THE PROPERTIES OF MUTUAL INDUCTANCE 
STANDARDS AT TELEPHONIC FREQUENCIES. 
—L. Hartshorn. (Proc. Phys. Soc. Lond., 
35» 4» PP. 302—320.) 
The following abstract is given :— 


It is well known that when a mutual inductance 
carries alternating current, the value of the effective 
mutual inductance varies with the frequency, and 
further that the secondary P.D. is not exactly 
in quadrature with the primary current. Thus 
certain frequency corrections are introduced into 
all alternating-current bridges in which a mutual 
inductance standard is used. An experimental 
investigation has been made of the actual mag- 
nitude of such corrections for mutual inductance 
standards of three types :— 


1. A stranded wire fixed standard, with spaced 
winding to minimise capacity effects. 

2. The Campbell variable mutual inductance 
standard. 


3. The Tinsley variable mutual inductance 
standard made in accordance with Butterworth's 
recommendations. Values of the corrections are 
given for all these instruments under various 
conditions. It is shown that whereas the variation 
of mutual inductance with frequency is mainly 
due to capacity effects; dielectric losses in the 
insulation, or alternating current conductance, 
play an important part in the determination of 
the phase defect, the impurity being found to be 
proportional to a power of the frequency higher 
than the second, over the telephonic range of 
frequency. 


R240.—EIN NEUES ROHRENGERAT ZUR MESSUNG 
SEHR HOHER WIDERSTANDE MIT SEINER 
SONDERANWENDUNGEN. (A new valve 
high-resistance ohmmeter with particular 
applications.) —S. Strauss. (Elektrotechnik 
und Maschinenban, 44, 19, pp. 348—355.) 


If the grid of a vacuum tube is charged negatively 
no current can flow in the anode circuit. Ifa high 
resistance is connected beween the grid and the 
cathode, a negative charge placed upon the grid 
will slowly leak across this high resistance. As 
soon as the grid voltage approaches a certain 
minimum value an anode current will begin to 
flow, increasing proportionally to the decrease of 
the grid voltage. Parallel to the high resistance 
is a fixed condenser, which will be charged by the 
anode current and later discharged across the 
resistance, the charging and discharging taking 
place at definite intervals. The number of dis- 
charges of the condenser in a given time interval 
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is a direct measure of the unknown resistance. 
A complete portable equipment based upon this 
principle is described. 


R251.2.—MEASURING SMALL ALTERNATING 
CuRRENTS.—E. Banner. (Electrician, 2oth 
August, 1926, pp. 202—203.) 


Description of some modifications of the Duddell 
thermo-galvanometer for H.T. work. 


R251.3.— TRANSFORMERS FOR THE MEASUREMENT 
OF LARGE CURRENTS AT RADIO FREQUENCIES. 
—I. Malot. (General Electric Review, Vol. 
29, August, 1926, pp. 555—558.) 

An account of the theoretical and experimental 
considerations leading to the development of two 
types of radio-frequency current transformer. 
The first type is intended for a primary current 
range of 5 to 100 amps, at frequencies from 10 to 
500kC and 2,000 volts at radio frequency between 
the windings. The core consists of a number of 
very thin ring-type enamelled laminations of high 
grade iron. The secondary is wound around 
this ring and placed in a box container, made from 
specially treated maple wood. The primary 
winding is placed in the groove in the outer surface 
of the box. The second type of instrument covers 
radio-frequency current transformers of maximum 
primary current rating from 40 to 400 amps at 
frequencies from IO to 200kC and with 10,000 
volts at radio frequency between the windings. 
The primary consists of a copper tube conductor 
passing through the centre of the ring-type core, 
while the secondary is wound around this core. 
The secondary is intended to operate at ground 
potential, while the primary may carry current at 
radio frequency with a potential as high as 10,000 
volts effective value with respect to ground. All 
transformers are designed for 5 amps maximum 
secondary current. Illustrations of the two types 
described are shown. 


R272.—A RADIO FIELD-STRENGTH MEASURING 
SYSTEM FOR FREQUENCIES UP TO FORTY 
MEGACYCLES.—H. Friis and E. Bruce. 
(Proc. Inst. Radio Engineers, Vol. 14, 
August, 1926, pp. 507—519.) 

The apparatus is a double detection receiving set 
which is equipped with a calibrated intermediate 
frequency attenuator and a local signal comparison 
oscillator. The local signal is measured by means 
of the intermediate frequency detector which is 
calibrated as a tube voltmeter. 


R300.—APPARATUS AND EQUIPMENT. 


R337.—MERCURY ARC RECTIFIERS.— A. B. Goodall. 
(Q.S.T., Vol. 10, August, 1926, pp. 8—11.) 


An account of some reliable arrangements 
recently developed at Washington. 


R340.—THE POWER SUPPLY OF WIRELESS SETS.— 
P. Tyers. (Electrical Review, 20th August, 
1926, p. 299.) 

Present methods for obtaining filament and high- 
tension supply from the electric lighting mains 
are stated to be complicated, not universally appli- 
cable,to every type of receiver, and not fool proof. 
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A device is required which, when plugged into the 
mains, can be substituted immediately for the 
ordinary filament accumulator and high-tension 
battery, without necessitating any change in the 
wiring of a set or the use of special valves. “ Any- 
one who succeeds in producing some arrangement 
at a competitive price should be assured of a very 
ready market.” 


R340.— SENSITIVE VALVE RELAY.—G. Blake. 
(Wireless World, 11th August, 1926, p. 188.) 


R340.—COMPLETE SUPPRESSION -OF A SINGLE 
FREQUENCY BY MEANS OF RESONANT CIR- 
CUITS and REGENERATION. J. Stratton. 
(Journal of the Optical Soctety of America, 

Vol. 13, July, 1926, pp. 95—105.) 
Discussion of the possibility of suppressing a 
given frequency by both tuned grid and tuned 
plate circuits. Curves are shown which indicate 
a greater sharpness of tuning for the tuned grid 
than for the tuned plate circuit. This may be 
accounted for by the fact that whereas the con- 
denser of the tuned grid circuit is shunted only by 
the very high input resistance of the valve from 
grid to filament, the condenser of the tuned plate 
circuit is shunted by the internal plate resistance 
which is relatively low compared with the resistance 
of the condenser. From this point of view the 
tuned grid is preferable to the tuned plate circuit, 
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R343.— PROBLEMS IN 
(E.W.& W.E., 


DesiGn.—P. P. Eckersley. 
August, 1926, pp. 499—507.) 
A lecture delivered before the Radio Society 
on 26th May, together with the discussion that 
followed. 


R343.7.—OPERATING RECEIVING FILAMENTS WITH- 
OUT BATTERIES.—R. Kruse. (Q.S.T., Vol. 
10, August, 1926, p. 25.) 


R344.9—LE QUARTZ OSCILLANT ET SES APPLI- 
CATIONS A LA T.S.F.—J. Quinet. (Radio 
Revue, Vol. 5, August, 1926, pp. 114—127.) 


A reprint of a paper read before the Radio Club 
de France in May, 1926. The first part of the paper 
is devoted to the theory of piezo-electricity in 
general and to the case of quartz in particular. 
The second part of the paper describes an important 
application of-the quartz oscillator (due to Prof. 
Langevin) to submarine signalling, and the location 
of obstacles under water, depth of the sea, etc. 
The principle is to send out a wave towards the 
obstacle and receive the echoed or reflected wave, 
when the distance can be calculated. The method 
described utilises the vibrations of a quartz oscillator 
of suitable dimensions as a means of creating, in 
the water, waves of compression as of sound waves 
but of ultra audible frequency. The oscillator also 
acts as a receiver of the reflected wave, so that 
the time of emission and return can be studied. 
Illustrations and diagrams of the apparatus are 
given. 

The third part of the paper first describes the 
application of the quartz crystal to various 
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measurements, €.g., as a manometer, electrometer, 
oscillograph, etc. The use of the crystal for the 
generation of oscillations is then considered. The 
standard forms of quartz oscillator circuit are 
illustrated and discussed, and a complete trans- 
mitter shown, using quartz as master control, with 
radio-frequency, power amplification to a tuned 
aerial. The application of the crystal to correction 
of a wavemeter is also discussed, and the paper 
concludes with notes on the preparation of the 
quartz for use as an oscillator. 


R344.9.—USES AND POSSIBILITIES OF PIEZO- 
ELECTRIC OSCILLATORS-—A. Hund. (Proc. 
Inst. Radio Engineers, Vol. 14, August, 


1926, pp. 447-469.) 
A survey of what is known about piezo-electric 
oscillators, the following conclusions being drawn :— 


1. Experiments with quartz plates show that 
they can be used in a valve circuit for producing 
radio-frequency currents of fixed frequencies 
bearing a definite relation to the dimensions of 
the plate. 

2. The piezo oscillator can be used together 
with an auxiliary generator for standardising a 
frequency meter. 

3. A single piezo-electric plate can be employed 
as a standard for the entire range of frequencies 
used in radio communication. 

4- By using special arrangements a small plate 
can be employed for producing audio-frequency 
currents. 

5. Methods are given for grinding a plate 
accurately to a given frequency. 

6. Formule are given in designing plates to a 
direct frequency to a fair degree of accuracy. 

7. Other miscellaneous applications are des- 
cribed. 


R384.1.—A SHORT WAVE WAVEMETER.—A. E. 
Tubbs. (E.W. & W.E., August, 1926, pp. 


479—482.) 


R400.—SYSTEMS OF WORKING. 


R423.—A 20-40-80 METRE CRYSTAL-CONTROLLED 
TRANSMITTER.—L. Root. (Q.S.T., Vol. io, 
August, 1926, pp. 33—35.) 


R430.—BEHAVIOUR OF RADIO RECEIVING SYSTEMS 
TO SIGNALS AND TO INTERFERENCE 
(Abridged).—L. J. Peters. (Journ. Amer. 
Inst. Elect. Engineers, August, 1926, pp. 
707—716.) . 

The following synopsis is given :— 

This paper develops a point of view and method 
by means of which it is possible to arrive at many 
of the transient effects occurring in radio systems 
by a consideration of steady-state properties 
alone. The scheme is to replace the voltages in 
radio receiving systems due to interference and 
signals by a group of generators having the correct 
voltages and frequencies. These generators can 
be thought of as having been in the circuit for an 
indefinitely long time, so that only the steady- 
state response of the system need be considered. 
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The generators which replace the voltages induced 
in an antenna by interrupted continuous wave 
stations, by spark telegraph stations, by telephone 
stations and by static are worked out. The 
desirable properties of radio receiving systems for 
receiving various types of signals through inter- 
ference are arrived at and an ideal system is 
described which may be used as a standard of 
reference for judging the merits of any actual 
frequency selecting system. It is shown that this 
ideal system reduces the interference’ from all 
sources to the smallest possible value which can 
be obtained in a system which makes use of fre- 
quency selection to reduce interference. The 
paper thus arrives at the degree to which inter- 
ference can be mitigated by frequency-selection 
methods. In order to illustrate the method of 
treating actual systems, calculations are given for 
a simple series receiver. The interference caused 
by transmitting stations of various types and by 
static is discussed and the factors determining 
such interference are pointed out. 


R435.—CIPHER PRINTING TELEGRAPH SYSTEMS 
FOR SECRET WIRE AND RADIO TELEGRAPHIC 
COMMUNICATIONS.—G. S. Vernam. (Bulletin 
Reprint B-198 Bell Telephone Laboratortes, 
June, 1926.) 


The paper describes a printing-telegraph cipher 
system developed during the war for the use of 
the Signal Corps, U.S. Army. The system is so 
designed that the messages are in secret form from 
the time they leave the sender until they are 
deciphered automatically at the office of the 
addressee. The operation of the equipment is 
described, as well as the method of using it for 
sending messages by wire, mailor radio. The paper 
also discusses the practical impossibility of pre- 
venting the copying of messages, and the relative 
advantages of various codes and ciphers as regards 
speed, accuracy and the secrecy of their messages. 


R500.— APPLICATIONS AND USES. 


R500.—ELECTRICAL COMMUNICATION.—H. Charles- 
worth. (Journ. of the Amer. Inst. Elec- 
trical Engineers, August, 1926, pp. 737—742.) 


Report of Committee on Communication pre- 
sented at the annual convention of the A.I.E.E., at 
White Sulphur Springs last June. 

As concerns radio telegraphy, mention is made of 
a new service between the Dutch East Indies and 
San Francisco and also from New York to Holland 
for handling through traffic from Java. 

The work of decreasing the use of spark transmit- 
ters with their corresponding interferences has pro- 
gressed to such an extent that over 150 American 
merchant ships are now equipped with valve 
transmitters. 

The use of the radio direction finder for navigation 
is rapidly increasing and has passed the experimental 
stage. The Great Lakes are leading in this respect, 
due to the demonstration of the particular value of 
this apparatus in the difficult navigation problems 
inherent in the Great Lakes. f 

With regard to radio telephony, the two-way 
conversation tests between England and the United 
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States are of course referred to, of which we have 
had full accounts. 

The research of radio propagation is stated to 
have confirmed the existence of a positive ionisation 
gradient in the upper atmosphere, postulated 
independently by Kennelly in America and Heaviside 
in England. Short wave experiments show that 
the “ skipped ” distance, in general, increases with 
increase of transmission frequency and is greater 
a* night-time than by day. These phenomena are 
explained by the waves received at a distance being 
defiected downwards by an upper ionised region 
of relatively low index of refraction and low 
attenuation. 

The observed indications of rotation in the plane 
of polarisation and directional errors find a qualita- 
tive explanation when due account is taken of the 
fact that the earth's magnetic field, acting upon the 
free electrons, will change the velocity of the wave 
and produce rotation. This ettect is especially 
marked in the vicinity of 214 metres, which corres- 
ponds to the resonant frequency of an electron in 
the earth's magnetic field. 


Investigations of fading and signal distortion 
Show that they are closely related to the high degree 
of frequency selectivity exhibited by the radio 
medium. 

An observed variation of signal strength during 
magnetic storms is significant, the effect being a 
reduction of the normal signal strength by night 
and an increase above normal by day. 


That increasing use is being made of the short 
wave range is evidenced by the continued increase 
in the number of short wave licences issued to 
commercial concerns. Experimental work indi- 
cates the possibility of twenty-four-hour telegraph 
service with short waves over distances of several 
thousands of miles. The transmission varies 
largely with the time of day, however, one frequency 
transmitting much better for one period of the day 
and another frequency for another period, so that 
the use of several wave frequencies appears to be 
required to give uniform operation. 

Reports are also given on radio broadcasting and 
the electrical transmission of pictures. 


R510. —WiIRELESS AT SEA.—J. Slee. (Electrician, 
3oth July, 1926, pp. 124 and 132.) 


An account of recent development in apparatus 
employed on board merchant ships. 


R514.—A UNICONTROL HIGH-FREQUENCY RADIO 
DIRECTION FINDER.—F. Dunmore. (Bul- 
letin No. 525, U.S. Bureau of Standards.) 


The development of such a direction-finder 
enabling a ship to readily locate another ship, is 
described, and its installation on a coastguard 
patrol boat. The direction-finder coil consists 
of four turns of ignition cable wound on a 20-in. 
frame. A tuning unit and coupling transformer 
have been designed so that the coil may be used on 
the ship's receiving set without changing its tuning 
adjustments, which are locked in the two 1ookC 
position. The controls necessary when taking a 
bearing are reduced to one—that of rotating the 
direction-tinder coil to obtain the minimum signal. 
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R514.—WIRELESS POSITION-FINDING ON SHIPS.— 
L. B. Turner. (Electrician, 30th July, 1926, 
pp. 127 and 128.) 


A discussion of the results of recent investigation 
by the Radio Research Board. 


R514.—MARINE DIRECTION-FINDING—-L. Bain- 
bridge-Bell. (Electrician, 30th July, 1926, 
pp. 125—126.) 

Description of the latest development of the 
Radio Communication Company’s apparatus, which 
works on the Robinson principle, and the methods 
of operation. 


R540.--SHORT-WAVE RADIO IN THE ANTARCTIC. 
—L. Jenssen. (Q.S.T., Vol. io, August, 
1926, PD. I2—I4.) | 
It is related how, with comparatively low power 
on short waves, the Ross Sea Whaling Expedition 
was able to maintain nightly contact with the 
rest of the world, whereas before, when the longer 
waves had been relied on, the Expedition was cut 
ofi most of the time. 


R545.—LA PRATIQUE ET L'EXPÉRIENCE DE 
L'EMISSION.—-M. Sacazes. (Radio Revue, 
Vol. 5, August, 1926, pp. 128—134.) 


A note on the author's work during the past 
three or four years on small power transmitters. 
Descriptions are given of the results obtained with 
several different circuits, the systems shown being 
a Mesny symmetrical circuit, a Colpitt's circuit, 
a master oscillator with power amplifier, etc. 
Remarks on adjustment and operation are given. 


_R582.— RADIO PICTURE TRANSMISSION. — F. 
Schroter. (Electrical World, 17th July, 1926, 
p. 129.) 

Abstract of article in Zeitschrift des Vereines 
Deutscher Ingenieure, 70, 22, pp. 725—732. 

A new process of transmitting line drawings or 
photographs over wires or by radio is described. 
Judging from the six samples reproduced, the 
process is much superior to that employed in 
America. The perfect results obtained are ascribed 
to a highly efficient photo-electric cell and a 
receiving apparatus free from inertia. The former 
is a potassium cell in a toroid-shaped glass bulb 
which reacts on reflected hght instead of light 
passing through a transparency. The receiving 
element is a Kerr cell, based upon the hitherto not 
utilised physical fact that polarised light passing 
through nitro-benzol between elcctrically charged 
condenser electrodes suffers double refraction, the 
degree of which is influenced by the electric charge. 
The photo-electric cell responds to frequencies as 
high as 105 cycles, while the Kerr receiver does 
not lag appreciably for 108 cycles. It is therefore 
possible to transmit a picture 4 in. X 4 in. in size 
within 5 seconds. It is further possible to transmit 
a motion picture with 1o frames per second, which 
makes television readily possible. 


K580.--TELEVISION AN ACCOMPLISHED FACT.—A. 
Dinsdale. (Jtadio News, September, 1920, 
pp. 200, 207, 280 and 282.) 
Description of the apparatus invented by J. L. 
Baird. 
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R600.—STATIONS: DESIGN, OPERATION AND 
MANAGEMENT 


R624.—SERVICING OF BROADCAST RECEIVERS— 
L. Manley and W. Garity. (Proc. Inst. 
Radio Engineers, Vol. 14, August, 1926, 
PP. 541—509.) 

A paper attempting to group service problems 
under general classifications. prescribing methods 
of diagnosing them followed by a prescription for 
correcting them. 


R616.5—“' KDKA.”—D. Little and R. Davis. 
(Proc. Inst. Radio Engineers, 14, 4, August, 
1926, pp. 479—500.) 

Description of the latest equipment in use at 
this station, both for regular broadcasting and for 
short-wave international broadcasting and relay 
work. An account is also given of the short-wave 
transmitter employed for interworks telegraph 
service. 


R622.— WAVELENGTH REORGANISATION. (Electrical 
Review, 13th August, 1920. p. 264.) 

The Office International de Radiophonie, Geneva, 
announces that after 18 months’ work, an agree- 
ment has been ratified concerning the repartition 
of wavelengths in Europe. The problem was to 
fit 200 stations (erected and projected) in a wave- 
band wherein there would be only room for 99 
if each station were given a different wavelength. 
It has been decided to employ 83 exclusive and 16 
common waves. The former are divided among 
the different countries of Europe according to 
their requirements, Great Britain having 9, and 
the latter will be shared by 117 low power stations 
serving limited areas. 7 


R800.—NON-RADIO SUBJECTS. 


534.—METHODS OF HIGH QUALITY RECORDING AND 
REPRODUCING OF MUSIC AND SPEECH BASED 
ON TELEPHONE RESEARCH.—J. Maxfield and 
H. Harrison. (Bell System Technical Journal, 
v, 3, July, 1920, pp. 493—525.) 

A detailed analysis of the general requirements of 
recording and reproducing sound without appre- 
ciable distortion. It is pointed out, at length, how 
many of the hitherto unsolved problems of sound 
recording and reproduction have been readily 
solved by the application of a detailed knowledge 
of telephone transmission theory. 


534-—THE POWER OF FUNDAMENTAL SPEECH 
SOUNDS.—(C. Sacia and C. Beck. (Bell 
System Technical Journal, July, 1926, pp. 
393—403.) 

A continuation of work on speech power by 
means of oscillographic studies of vowels, semi- 
vowels and consonants. A previous paper con- 
sidered the characteristics of a few individual 
sounds from the power standpoint, but the principal 
emphasis was placed upon speech as a whole. In 
this later analysis, soundsareconsidered individually 
on the basis of instantaneous and mean power. A 
practical application of the results is suggested. 
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535.3. “DIE PHOTOZELLE NACH ZWORYKIN. (Zeit- 
Schrift des Vereines Deutscher Ingenieure, Jo, 
22; P. 732.) 

Description of a new photo-cell. discovered by the 
Russian physicist Zworykin, which is a combination 
of a valve and a light cell, and can be employed 
to start machines, etc., since it controls relatively 
strong currents. 


535.3. THE ALKALI METAL PHOTO-ELECTRIC CELL. 
—H. Ives. (Bell System Technical Journal, 


V, 2, pp. 320—335.) 


537.THE Cosmic HARNESS OF MOVING ELEC- 
TRICITY.—M. Pupin. (Journ. Amer. Inst. 


Elect. Engineers. August. 1926, pp. 758-- 


701.) 
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Presidential address delivered at the annual 
convention of the A.I.E.E., White Sulphur Springs, 
last June. 


537. CONTEMPORARY ADVANCES IN PHysics—NI. 
IONISATION.— K. Darrow. (Bell System 
Technical Journal, v. 5. July, 1926, pp. 
403—492.) 

621.355.01.—A New THEORY OF THE LEAD AC- 
CUMULATOR ?— Prof. Howe. (E.W.& W.E., 
August, 1926, pp. 466—468.) 


621.353.—DRY CELLS FOR WIRELESS PURPOSES.— 
R. L. Smith-Rose. (Wireless World, 28th 
July, 1926, pp. 117—119.) 
Length of life that may be expected from H.T. 
and L.T. batteries. 


Esperanto Section. 
Abstracts of the Technical Articles in our last Issue. 


Esperanto - Sekcio. 


Resumoj de la Teknikaj Artikoloj en nia lasta Numero. 


R000. RADIO GENERALE. 


Ro50.—RESUMOJ KAJ ALUDOJ. 

Kompilita de la Radio Research Board (Radio- 
Esplorada Komitato), kaj publikigita laŭ aranĝo 
kun la Brita Registara Fako de Scienca kaj Indus- 
tria Esplorado. 


R100.—GENERALAJ PRINCIPOJ KAJ TEORIO. 


R127.22.-—-OFTAJ ERAROJ EN IKONDENSATORAJ 
KALKULADOJ.—E. H. W. Banner. 


Oni montras, ke la kutimaj esprimoj por la 
kalkulado de la kapacito de kondensatoro laŭ 
ĝiaj korpaj dimensioj ne kunkonsideras la modi- 
fiĝon kaŭze de la “randaj” efektoj. Ci tiuj 
estas nur nekonsiderindaj kiam la proporcio de 
la “plata surfaco ” rilate al ‘‘ distanco aparta ” 
estas tre granda. Por la korekto, kiam ĉi tio ne 
estas, esprimoj estas donitaj, kiuj traktas pri 
kondensatoraj de rondaj kaj rektangulaj platoj. 
Oni ankaŭ rimarkigas pri la efikoj de la vera dikeco 
de dieleltriko kaj de variado je la valoro de dielek- 
trika konstanto. 


Ri61 & R1r62.—La AMPLIFADO IKAJ SELEKTIVECO 
DE NEŬTRALIGITA AGORDITA CIRKVITO 
ANODA.—D-ro. N. W. McLachlan. 


Larĝa revuo de la neŭtraligita agordita cirkvito 
anoda laŭ la duala vidpunkto pri la faktoroj kiuj 
regas 8tupan amplifadon kaj selektivecon respek- 
tive. Post enkonduka revuo pri la neŭtraliga 
principo, la aŭtoro pasas al amplifo de la kom- 
pleta ŝtupo. Ekvivalentaj cirkvitoj estas diskutitaj 


matematike kaj rezultoj montritaj por efektivaj 
valvaj amplifiĝoj dum kapacito trans fiksa bobeno 
estas altigita por plilongigi la ondolongon, kaj dum 
kapacito estas altigita kaj indukteco malgrandigita 
por teni la agordecon je konstanta ondolongo. 
La rezultoj de valva rezisteco p kaj volta faktoro m 
estas ankaŭ diskutitaj, kaj oni montras, ke amplifo 
malgrandiĝas ĉe pligrandiĝo de p, se m restas 
konstanta, kaj grandiĝas ĉe pligrandiĝo de m, se p 
restas konstanta. Koncerne selektivecon, oni 
montras rezonancajn kurvojn por ilustri la diver- 
sajn statojn diskutitajn. Laŭ nuna okazo, oni 
konkludas, ke la rezultoj de l'faktoroj cititaj estas 
ĝuste kontraŭaj de iliaj rezultoj je l'okazo de 
amplifado. 


R200-—MEZUROJ KAJ NORMOJ. 


R218—SENDADOJ DE SENFADENAJ ONDOJ DE 
NORMAJ FREKVENCOJ EL LA Nacia FIZIKA 
LABOREJO (Brita). 


Komunikaĵo de la Brita Registara Fako de 
Scienca kaj Industria Esplorado. 

Pro la rekomendo de la Radio-Esplorada Komi- 
tato de la Departemento, plioftaj sendadoj de 
ondoj de normaj frekvencoj estas farotak el de la 


Nacia Fizika Laborejo, Teddington, Anglujo 
(Voksignalo 5HW). 
La sendadoj estas laŭjene :— 
(A) Malongonda programo dum la unua 


mardo en ĉiu monato, de 1,500 horo ĝis 1,000 
horo, Tempo de Greenwich, la frekvencoj sendo- 
taj estanta 200, 300, 300, 500, 580, 700, 840, kaj 
960 kilocikloj. 
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(B) Longonda programo dum la tria jaŭdo en 
ĉiu monato, la frekvencoj sendotaj estantaj 30, 
40, 50, 66, 86, 115, 160 kaj 200, kC. 


Oni faras rimarkigojn pri la ricevado de normaj 
ondoj kaj ilia utileco dum normigado. 


R251.—KONTINUKURENTAJ INSTRUMENTOJ EN SEN- 
FADENAJ APARATOJ.—J. F. Herd. 


La «aŭtoro unue konsideras la bezonon por 
preciza scio pri kontinukurentaj valoroj kaj 
alĝustigoj ĉe senfadena ricevilo, speciale se kvanta 
laboro estas necesigita. Li tiam montras kiel, 
per aranĝo de ĵakoj (de la ordinara telefona modelo), 
unu K.K. instrumento, kiel ekzemple, taŭga mili- 
ampermetro, estas uzebla por apliko al diversaj 
cirkvitoj. La aranĝoj montritaj enhavas mezuron 
de anoda kurento, de filamenta aŭ potenciometra 
tensio, filamenta kurento, k.t.p. Oni ankaŭ 
aldonas ĝeneralajn rimarkigojn pri l'aranĝoj. 


R.251.—AMPERMETRA PANELO. E. C. Atkinson. 
La artikolo priskribas panelon por utiligi amper- 
metron por diversaj celoj. Pere de ŝtopiloj (laŭ 
modelo de Wheatstone'a Ponto), plenskalaj gradaroj 
de 3.0, 0.6, kaj 0.024 amperoj estas haveblaj, dum 
la instrumento estas ankaŭ utiligebla por legi 3 
kaj 12 voltojn. La ŝarĝa kurento por akumulatoro 
estas ankaŭ montrebla sur unu skalo, kaj fila- 
menta kurento sur alia, sen ŝanĝo de konektaĵoj. 


B300._-APARATO KAJ EKIPAJO. 


R384.—APARATO POR KONTINUKURENTA PROVADO. 
—T. S. Skeet. 


La artikolo pritraktas la utiligon de movbobena 
instrumento (Weston'a Modelo 301, plena skalo 
montranta ĝis 5 m.a.) kiel voltmetron montrantan 
IOOO V., IOO V., IO V., 5 V., 0.5 V., kaj 0.1 v., kaj kiel 
ampermetron montrantan IOA., 5A, 2.5A, 500mA, 
kaj somA. La instrumento estas muntita en 
skatolo kun bornoj kaj komutatoroj por la reguligo 
de la bezonitaj seriaj kaj ŝuntaj rezistancoj, kaj 
la kompleta instrumento estas ilustrita kaj pris- 
kribita. 


R.385.—LA KLAVARANĜOJ DE VALVAJ SENDILOJ. 
—W.T. Ditcham. 

Bonega priskribo estas donita pri moderna 
praktiko rilate al la enkonduko de klavaj interup- 
toroj en valvaj sendiloj. Tiaj sendiloj estas 
dividitaj en du klasojn, (A) Memekscitaj oscilatoroj, 
(B) Amplifikatoroj ekscititaj de mastra oscilatoro, 
kaj oni donas ilustraĵojn de diversaj klavaj motodoj 
por ĉiu. En la unua klaso, la metodoj montritaj 
enhavas aranĝojn por utiligo ĉe aparatoj ĝis 5 K.V., 
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kaj por potencoj gis 20 K.V., je rapideco de 60 
vortoj ĉiuminute, kaj de 100 v.ĉ.m. En la klaso 
de mastra oscilatoro, oni montras metodojn por 
klavi longtrafajn rapidegajn komercajn staciojn 
uzantajn rektifitan Alternkurenton por potenco- 
provizo, ekzemple, la Marconi'aj stacioj ĉe Ongar, 
Essex, Anglujo. Fine, oni diskutas klavajn meto- 
dojn por altpotencaj stacioj provizitaj per Kon- 
tinukurenta Alta Tensio. Klaraj ilustraĵoj pri la 
diversaj metodoj estas presitaj tra l'artikolo. 


R500.—APLIKOJ KAJ UZOJ. 


R545.009.2.— AMATORA LONGDISTANCA FUNKCIADO. 
—H.N. Ryan. Perioda kontribuaĵo pri la 
temo de longdistanca funkciado. 


R600.—STACIOJ : DESIGNA, FUNKCIADO, 
KAJ ADMINISTRADO 


R616.5.—RADIO-VIENO.—Prof. G. W. O. Howe. 

Tre kompleta priskribo pri la nova altpotenca 
Brodkasta Stacio ĉe Vieno. Oni donas planojn 
de la antena kaj kontraeza aranĝoj, dum dia- 
gramoj montras la konektaĵojn de la sendilo, 
amplifikatoroj, modulaj metroj, k.t.p. Fotografaj 
ilustraĵoj montras la staciajn konstruaĵohn, la 
sendilon, valvojn de la diversaj tipoj uzataj, 
reguligan panelon, amplifikatorojn, modulajn 
metrojn, k.t.p. 

La stacio uzas la mastro-oscilatoran funkcime- 
todon, kun potenca amplifado per akve malvar- 
migitaj valvoj. Rektifita Alternkurento provizas 
la altan tension. La senilo estas ses mejloj mal- 
proksime de la mikrofonejo en Vieno, al kiu ĝi 
estas ligita per speciala kablo. La aparato ĉe la 
mikrofoneja konstruaĵo konsistas el, krom la 
meikrofono, triŝtupa amplifikatoro, plua unuŝtupa 
amplifikatoro, amplifikatora modula metro kon- 
trolanta la parolan kurenton senditan tra la kablo. 
Estas ankaŭ sendila modula metro funkciigita de 
kurentoj senditaj tra la kablo el de la senda stacio, 
tiel ke la antena modulado estas observebla ĉe la 
mikrofonejo. 


R800.—NE-RADIAJ TEMOJ. 


510.—MATEMATIKO POR SENFADENAJ AMATOROJ. 
—F. M. Colebrook. 


Daŭrigo de la serio el antaŭaj numeroj. La 
nuna numero traktas pri Indicoj, kun la Difino 
de Indico, Indica Leĝo, Negativaj Indicoj, Ripetitaj 
Produtoj de Potencoj, Produtoj de Potencoj kaj 
Kvocientoj, Radikoj, Produto de Radikoj, la Plena 
Generalizo de Indica Formularo, k.t.p. 

o 
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Correspondence. 


Letters of interest to experimenters are always welcome. 


In publishing such communications 


the Editors do not necessarily endorse any technical or general statements which they may contain. 


Plate-Current, Plate-voltage Characteristics. 
To the Editor, E.W.& W.E. 


S1r,—Your contributor Mr. E. Green makes an 
error on pp. 370, 471 of the August issue of E.W.& 
W.E., which is a very common one. The valve 
is a voltage operated device, and we spend our 
existence trying to get the biggest voltage amplica- 
tion from valve to valve. 

No power is present in the secondary of a trans- 
former or tuned coupling unless there is grid 
current or charging current and in either of these 
cases the grid filament voltage is cut down by the 
I R voltage drop. 

No power is taken from the primary and so the 
transformation is a pure voltage transformation 
and the greater the voltage across the primary 
the greater the overall amplification. The greater 
the primary impedance the greater the fraction of 
p that is utilised. 

Theoretically then, infinite impedance and an 
infinite step up would be ideal. In practice one 
is limited by intercapacities and space considera- 
tions, but still the main law holds good that the 
transformer should be of the utmost possible 
impedance and not of equal impedance with the 
valve as it would have to be for maximum power 
amplification. 

The matter is totally different when the last 
valve driving the loud-speaker is under consideration. 
Here power is required to move the air and the 
best power output is obtained when the load 
impedance equals that of the valve. 

Here again, practical details upset any attempt 
at maximum ‘efficiency. The matching of 
impedances only holds good at one frequency, the 
impedance is changed at every alteration of the 
air-gap in the loud speaker, and the makers give 
us only the D.C. resistance in ohms ! 

In support of my views of the above, I 
would refer you to articles which have appeared 
in the Wireless World, ‘‘ The Resistance-Coupled 
Amplifier,” by Dr. H. Kroncke, 23rd September, 
1925. ‘‘Everyman’s four-valve,” by W. James, 
28th July and 4th August, 1926. They are using 
resistance amplification with a resistance of I 
megohm, ‘grid-leak of 5 megohms, coupling 
condenser of .ooo3wF, and a plate current of 
a few microamps. They are in fact employing 
the principles of pure voltage amplification. 

I do not know who started the error orginally, 
but it is certainly time it was laid to rest.. 


I. A. J. Durr, B.A., A.M.Inst.C.E. 


To the Editor, E.W.& W.E. 


SIR.-—With reference to the remarks of your 
correspondent, Mr. I. A. J. Duff, we are both agreed 
that the valve is a voltage operated device, and the 


biggest voltage amplification from valve to valve 
is what is normally aimed at. I note that the two 
articles he mentions as supporting his views on 
tuned circuit and transformer amplifiers, both 
deal with resistance amplification. 

In the case of a tuned circuit amplifier, as shown 
in my figure 6 (b) (c) and (d), used for amplification 
at one definite frequency, the power output of 
the valve is used to maintain the oscillating current 
in the tuned circuit, and obviously maximum 
power output will give the maximum voltage 
across the condenser. 

The case of the transformer amplifier, as Mr. 


“Duff says, is not so simple, and the theory I gave 


was reproduced from memory from an article by 
Mr. Catterson Smith published in the Radio Review 
of July, 1920. I find on referring to the article 
that he did not consider the case where grid 
current was eliminated. 

The simple theory that the transformer load 
is made equal to the anode A.C. resistance of the 
valve must be abandoned, nevertheless Mr. Duft’s 
statements require some correction. If they were 
true we could fix on a standard transformer which 
would be best for all types of valve. In fact, 
however, the step-up ratio of the modern type of 
transformer is arranged so that the transformer 
load has a deflnite ratio to the anode A.C. re- 
sistance of the valve in use. In proof of this I 
would refer Mr. Duff to an abstract of a paper by 
Mr. P. W. Willans, on ‘‘ Low Frequency Inter- 
valve Transformers,” published in E.W.& W.E. 
for July, 1926. The transformers described were 
made with a fixed secondary winding, and as regards 
the primary winding, I quote the following from 
page 437—'‘‘ Four different ratios were specified, 
t.e., 2.7: I for a 40,000 ohm valve, 4: I for a 16,000 
—18,000 ohm valve, 6:1 for a 7,000 ohm valve, 
and 8 : I for a 4,000 or 5,000 ohm valve.” 

The remarks on the valve driving the loud-speaker 
do not call for any comment. 

E. GREEN. 


Valve Nomenclature. 
To the Editor, E.W. & W.E. 


Sir,—With reference to your paragraph on 
“ Valve Nomenclature’’ (differential resistance) 
in your Editorial of the current issue, I suppose 
it is too late, now, to raise objections to the term 
“Anode A.C. resistance.” But it appears to me 
that, though this term is better than “ impedance,” 
it is still misleading, and ambiguous. 

If we consider the case (which frequently occurs) 
of a valve with anode difterential resistance Rg, 
having an inductance L in its anode circuit—the 
static differential resistance of the whole circuit 
will = Ra, but the dynamic dif. res. will = R; +wL. 

The expressions ‘‘dynamic” and ‘‘static differential 
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resistance '' seem to me to be reasonable; but if 
we substitute '' A.C. resistance ” for “ differential 
resistance,” we have “static A.C. resistance,” 
Which is a contradiction in terms. 

This objection seems to me to be real and not 
merely superficial. The quantity “ differential 
resistance ” is not dependent on A.C. 

If ‘‘ differential resistance ”” is too long or obscure, 
would not “ slope resistance ” be better than A.C. 
resistance ? 


Surrey. R. St. Q. LENG. 


(Our correspondent is incorrect in assuming that 
the whole circuit would have a “ dynamic difter- 
ential resistance” of R, + wl. This is the 
impedance of the circuit at the frequency w/27 ; 
there is no such thing as a dynamic differential 
resistance, it is essenially static, being determined 
from the slope of the static characteristic curve. 
It is for this reason that we think that either 
“ differential resistance ’’ or “slope resistance ” 
preferable to the adopted term “' A.C. resistance.” 
If a valve had any property resembling skin effect, 
the A.C. resistance would not be exactly the same 
thing as the differential resistance, but so far as 
we know the two things are identical. 

It is not too late, however, to raise objections 
to the contents of the Glossary of Terms used in 
Electrical Engineering, recently issued by the 
British Engineering Standards Association. This 
first edition is regarded as tentative and we our- 
selves have already objected to many of the terms 
and definitions.—G. W. O. H.] 


Power Losses in Insulating Materials. 
To the Editor, E.W.& W.E. 


SIR,—In the Editorial in the current number of 
the E.W. & W.E., there is a reference to a paper of 
mine entitled ‘’ Parasitic Losses in Inductance 
Coils at Radio Frequencies.” You mention the 
paper of Mr. E. T. Hoch on the subject. 

I would like to draw your attention to the sequel 
of my paper, which appeared in the following 
number of E.W. & W.E. (June, 1925) in which I 
specially mentioned Mr. E. T. Hoch’s paper (page 
543) and I quoted the first part of the paragraph 
that was quoted in your Editorial. 

I remember being astonished at the time that so 
obvious a criterion of the suitability of dielectrics 
as the product of power factor and dielectric con- 
stant was not more generally used and I consider 
that it would be advantageous if this should become 
standard practice. 

RAYMOND M. WILMOTTE. 

London, S.W.10. 


A New Theory of the Lead Accumulator. 
To the Editor, EW. & W.E. 
SIR,—In your issue of August, on page 408, Dr. 
Howe describes a “cell which cannot sulphate,” 


which seems likely to be useful for H.T. supply. 
This appears to be another case of lost knowledge 
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rediscovered, for I remember seeing many years 
ago an antique “ Rochefort” station at New- 
haven, Sussex—with a spark like a brick in a bucket 
and a log. dec. like X’s—where they had a battery 
not unlike that described. 

The plates were in the form of saucers and were 
about a yard across, and were stacked up one 
inside another, slightly separated by porcelain 
pieces, with the under side of one in a pool of 
acid held by the next lower one. This battery was 
not of negligible capacity, however, as it was used 
to run a motor alternator. 

It appears that the arrangement—which was, 
I think, of French origin—would fulfil the require- 
ments of M. Féry’s new theory as regards freedom 
from sulphation. 

It would be perfectly easy to substitute acid 
soaked kieselguhr for the earlier free acid since 
this silicious skeletony stuff has long been used 
as an absorbent for sulphuric acid, nitro-glycerine 
and other tasty fluids. 

I have much pleasure in sending this recollection 
for publication in the hope that the Patents Office 
will give a suitable reception to the inevitable 
millionaire corporation when it arrives from the 
land of “bounce ” to conduct a 100 per cent. cam- 
paign against the pockets of our wireless enthusiasts. 


Ashford, Kent. WM. A. RICHARDSON. 


Fading and Mountains. 
To the Editor, EW. & W.E. 


S1r,—I would like to explain to Mr. Maddison 
that I introduced the subject of D.C. conductivity 
because it is a property of real importance when 
considering a reflecting medium. Moreover it can 
be and has been measured. For this reason my 
argument was hardly “ futile.” 

I am sorry to say this manner of so lightly dis- 
missing others' statements pervades Mr. Maddison 's 
subsequent remarks. He makes, in the most casual 
way, the following exceptionable statements :— 


‘‘ The only limiting factor of this rise in pres- 
sure is the rate at which the charge will leak i 
(The factors limiting the extent of coalescence 
limit the potential rise.) “The air around the 
cloud will be very highly ionised ” (Why ?) 
““ The extent of this ionisation can rise far higher 
than in the Heaviside layer for this reason.” 
(What reason? Not the following sentence, 
which is incorrect). “' the Heaviside layer 
is only ionised by electronic bombardment from 
the sun.” (Only, indeed l). 


One may be excused for hazarding the opinion that 
unsupported statements like these are responsible 
for Mr. Maddison’s “first and foremost difticulty.”’ 

Nevertheless, I still agree with Mr. Maddison 
that cloud may have some etfect which should be 
investigated. His implied conception of a cloud 
as (may we say) a multitude of minute condensers 
is new. We must ask the mathematicians. 

A. WOODMANSEY. 


Harrogate. 
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The following abstracis are prepared, with the permission of thc Controller of H. M. Stationery Office, from 
Specifications obtainable at the Patent Office, 25, Southampton Buildings, London, W.C.2, price 1|- each. 


A SHORT-WAVE OSCILLATOR. 


(Convention date (U.S.A.), 17th February, 1925. 
No. 247,942). 


C. F. Burgess Laboratories and W. H. Hoftman 
describe in the above British Patent the construc- 
tion of a rather interesting short-wave oscillator, 
in which the grid and anode circuits are con- 
nected in bridge formation. The invention is of 
even more interest as it states that very high 
frequency oscillations, corresponding to a wave- 
length of a few metres, can be generated with a 
valve of the normal type, the inter-electrode 
capacity not being of any great importance. The 
accompanying illustration shows the general 
arrangement of the circuit, and it will be seen that 
there are two similar oscillatory circuits L, C, and 
La C,. The two capacities C, and C, may be 
variable condensers mounted on a common shaft 
so arranged that rotation of the shaft gives sub- 
stantially equal variation of the capacity of the 
two condensers. The circuit L, C, is included in 
the grid-filament circuit of the valve V, and the 
circuit L, C, is included in the anode circuit of 
the valve V. The stopping condenser K of about 
0.0034F is employed to isolate the positive 
potential of the high tension battery, which is 
connected between the filament F and one end of 
the coil L} A resistance R, having a value of 


about 5,000 ohms, is connected between the mid- 
point of the condensers C, and C,, and one end of 
the coil L, and the far side of the stopping con- 
Thus it will be seen that the resistance R 


denser. 


-is connected across points of substantially equal 
potential. The patent specification is fairly de- 
tailed, and gives considerable information regarding 
the arrangement of the circuit and the values of 
the components. For example, it is stated that 
the inductances L, and L, may consist of half a 
turn of No. IO S.W.G. copper wire, the radius of 
the turn being about two inches. An inductance 
L is shown coupled to the inductance L,, this 
inductance Lg, being used to transfer the output 
of the generator to an aerial or other load circuit. 


A LOW-CURRENT RESISTANCE AMPLIFIER. 


(Application dates, 7th April, oth July, 13th July, 
and 5th November, 1925. No. 256,299.) 


Several resistance amplifiers have recently been 
devised in which the anode circuits contain resis- 
tances of the order of 5 megohms, and the above 
British Patent, which is the subject of four pro- 
visional patent specifications, and is granted to 
A. H. Midgeley, discloses the arrangement of an 
amplifier which is the result of experimental work 
on the lines of the provisional specifications. 


While the invention can be carried out by the use 
of ordinary valves, it is preferred to use a valve 
in which the anode is about gy inch long, and 
} inch in diameter, the valve being provided 
with a cathode designed to take a current of 
half an ampere at 0.8 of a volt. The accom- 
panying illustration shows one form of circuit, in 
which the input circuit of the first special valve 
contains an inductance L in the form of a frame 
tuned by a variable condenser C. The first three 
valves, V,, V, and V} are of the special type 
referred to, and contain anode resistance R of the 
order of 5 megohms. The anodes are coupled to 
the succeeding grids by means of coupling con- 
denser K, no grid-leaks being employed. In 
operation the filament emission is reduced to a 
point such that saturation occurs at zero grid volts. 
The potential of the high tension battery may be of 
the order of 50 volts. The last valve, V4, which 
operates the telephones or loud-speaker, is of the 
ordinary type, and is provided with a grid-leak R, 
which is connected to the grid of the preceding 
valve. The specification states the manner in 
which the amplifier may function. It is believed 
that the first three valves all act as detector 
amplifiers. It is further suggested that there is 
a high-frequency component throughout the 
amplifier which has a ripple upon it of progressively 
diminishing amplitude in each stage, while there is 
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also a low frequency component which increases 
correspondingly in amplitude. The specification 
is extremely lengthy and detailed, and gives 
considerable practical information and suggested 
methods of working. 


AN ELLIPTICAL DIAPHRAGM LOUD-SPEAKER. 
(Convention date (U.S.A.), 30th July, 1924. 
No. 237,878.) 


The Western Electric Company Limited and 
C. E. Lane describe in the above British Patent a 
rather interesting type of cone diaphragm loud- 
speaker. Readers are, mo 
doubt, familiar with the 
patent specification of the 
Western Electric Company 's 
“ Kone” loud-speaker, which 
consists essentially of two 
cones joined at their bases, 
one cone being truncated and 
fixed to a support, a tele- 
phone driving mechanism 
being located within two 
cones and driving the apex 
of the cone by means of a 
link, a substantially free edge 
being obtained. It has been 
found that with a symmet- 
rical arrangement of this 
description, although re- 
sponding very uniformly to 
both the upper and lower 
frequencies of the musical 
band, a certain amount of 
resonance is apt to be set up 
unless the symmetrical dia- 
phragm is of very consider- 
able area. This difficulty is 
overcome by the use of a 
diaphragm of elliptical for- 
mation. Thus the general 
arrangement should be clear 
by reference to the accom- 
panying illustration. Here 
two cones C, and C, are 
eee at X, X, the cones 

ing of elliptical formation. 
The cone C, is truncated, 
and is fixed to a supporting member M provided 
with'a base B. The telephone driving mechanism 
T, such as the well-known balanced armature, 
drives the apex of the cone C, by means of a 
link L. It is claimed that by an arrangement of 
this description any resonance effects due to sym- 
metrical vibration are overcome, and thus a more 
linear characteristic and substantially undistorted 
reproduction can be obtained. 


A RADIO-FREQUENCY AMPLIFIER. 


(Convention date (Belgium), 18th October, 1924. 
No. 241,530.) 


A rather interesting form of two-valve receiver 
which should be of interest to experimenters is 
described in the above British Patent, which has 
been granted to J. Abelé and J. H. Berens. The 
accompanying illustration should make the in- 
vention clear. The first valve V, acts as a radio- 
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frequency amplifier, and has connected between 
the grid and filament a tuned circuit L, C,. The 
second valve V, is used as a rectifier and regenera- 
tive amplifier. The anode circuits of the two 
valves contain respectively radio-frequency chokes 
Z, and Z,. Incoming DA tage org applied between 
the grid and filament of the first valve cause ampli- 
fied potential to be produced across the impedance 
Z,, from which they are transferred by a con- 
denser Cg. Another tuned circuit L, C, is provided, 
and is arranged so as to act as an auto transformer, 
the far side of the condenser C4 being connected 
to a point E, while the filament is connected to a 
point F, one end of the tuned circuit L, C, being 
connected directly to the grid of the valve V,, 
and the other end taken through a variable con- 
denser C, to the top of the choke Z,. The amplified 
potentials occurring across Z, are then transferred 
to the primary of the auto-coupled transformer, 
these potentials being detected, and regeneratively 
amplified by the valve V,. It will be noticed that 
the contact point F of the filament is variable, 


l 


and may constitute a slider working over the 


inductance L,. Reaction or self oscillation can 
be controlled by the reaction condenser and the 
position of the filament slider F. The specification 
states that the circuit possesses many advantages, 
and the degree of reaction is not varied by altering 
the position of the two tuning condensers. The 
rectified currents are transferred by means of a 
low frequency transformer T included in the anode 
circuit of the second valve. 


MULTIPLE EARTH CONNECTIONS. 
(Application date, 4th May, 1925. No. 256,317.) 


It is well known that the use of a multi-earth 
connection to a radio-frequency receiving system 
will bring about considerable loss of efficiency 
unless the earth system is balanced. (It is usually 
preferred to employ one earth connection.) When 
a broadcast receiver derives its anode current from 
electric light supply mains trouble of this nature 


THE WIRELESS ENGINEER 


may arise due to the fact that one side of the 
mains may be earthed. The above British Patent, 
granted to Fullers United Electric Works Limited 
and A. P. Welch, overcomes this difficulty by the 
introduction of radio-frequency chokes, which 
tend to keep any radio-frequency currents from 
the earth connection of the supply mains. The 
accompanying diagram illustrates a circuit in 


od 


= E 


which a number of radio-frequency chokes are 
inserted in various parts of the circuit. An 
ordinary two-valve receiver is shown provided 
with an aerial circuit consisting of a variable con- 
denser C,, an inductance L, and a normal earth 
connection at E through a stopping condenser, 
the earth on the mains supply being shown at F. 
Two radio-frequency chokes Z, Z are shown in the 
main high-tension leads. Owing to appreciable 
self capacity across the primary of the first inter- 
valve transformer T, or the existence of a by-pass 
condenser across it another choke is shown: inserted 
at Y. Chokes are again shown inserted at X 
between the filament leads to the two valves. 
Again another choke is shown at W, and is used in 
conjunction with a parallel wave-trap circuit 
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A GAS DISCHARGE RECTIFIER. 


(Convention date (U.S.A.), 17th July, 1924. 
No. 237,236.) 


An exceedingly interesting form of full-wave 
gas discharge rectifier is described in the above 
British Patent by the British Thomson-Houston 
Company Limited and E. E. Charlton. The 
novelty of the invention lies partly in the shape 
and arrangement of the electrodes, and partly in 
the filling of the tube. The accompanying illus- 
tration shows a very simple form of the rectifying 
tube, in which the cathode consists of a plate P 
of nickel, molybdenum, or tantalum. The anodes 
consist of two wires W, only one of which is visible, 
of tungsten or nickel, tungsten being preferable 
owing to its suitability for sealing into the glass 
foot. The cathode P and the anodes W are 
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mounted on a glass stem or foot S, and a glass 
tube G surrounds the lower portion of the anode 
wire so as to prevent any discharge taking place 
between the bottom of the anode wire and the . 
edge of the plate. The leads from the two anodes 
and the cathode are brought out to fins on the base 
of the tube in the usual manner. The tube is 
filled with a gas which, at the operating temperature 


| 


| 
| 
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of the device, has a density sufficiently high to 
produce the necessary conductivity by ionisation. 
In one embodiment of the invention a mixture of 
helium and neon is employed, but it is stated that 
helium alone gives better results. The best pres- 
sure of the gas depends upon the geometrical 
features of the device and the voltage at which 
it is desired to work. It is stated that from 5 to 


80 mms. of mercury are pressures which are found 
to be suitable, but helium alone at a pressure of 
19 mms. appears to be preferable. The specifi- 
cation states that it is advisable to place in the 
tube a material which has chemical reaction 
towards gaseous impurities. Metallic magnesium 
and calcium are mentioned as being suitable. It 
is stated that the voltage drop is lowered by about 
20 per cent. by observing this precaution, and it 
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may be lowered still further by admitting an alkaline 
metal such as caesium or rubidium before the 
magnesium getter is vapourised. The alkaline 
metal just mentioned is Oxidised by admitting 
oxygen and warming the tube. The oxide then 
appears to combine with any hydrogen which may 
be liberated during operation of that tube. The 
Specification, which is very extensive, gives details 
for the construction of high power tubes in which 
the cathode is made in the form of two cylinders 
mounted side by side enclosing the two anodes. 


AN INTERESTING CRYSTAL PATENT. 
(A pplication date, 26th March, 1925. 
No. 251,078.) 


A rather interesting modification of the carbo- 
rundum crystal detector associated with a valve 


by the Carborundum Company. If a crystal 
detector is used for a powerful valve amplifier it 


of rectifying them properly. 
however, that by suitable treatment of the crystal 
it can be made to rectify efticiently voltages of 


of copper or silver, the layer being further built 
up and soldered into some convenient holder. 


plate S, controlled by a helical spring H, the whole 


being contained within a tube T provided with 
terminals B. 
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A FOUR-ELECTRODE VALVE SUPERSONIC 
CIRCUIT 


(Application date, 5th March, 1925. 
No. 252,789.) 


invention should be quite clear by reference to the 
accompanying illustration. The second valve V, 
is arranged as a generator of continuous oscillations 
to provide the local Source and an inductance 5; 
and capacity C, tuned to the desired local frequency 


are connected between the anode A ı and the inner 
grid G,. 
ferred to the outer grid G, of the first valve Vi. 


oscillations introduced to the first valve from the 
second modulate the anode current of the first 
valve, this anode current further being varied by 
the applied grid potentials from the circuit Le Cy. 
Thus a beat frequency is obtained in the anode 
circuit of the first valve, potentials at the beat 
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No. 38. 


Editorial. 


The German Radio Exhibition—General 
Impressions. 


ISITORS to the two preceding Annual 

V Exhibitions in Berlin reported that 
manufacturers in England had nothing 

to fear from German competition. In this 
connection it must be remembered that 
economic conditions in Germany have been 
and still are such that the development of 
broadcasting is likely to be slower than in 
this country. Until recently, moreover, the 
Government adopted an unfavourable atti- 
tude to the new development. All this is 
changing very rapidly and the wireless 
industry shows every sign of healthy develop- 
ment. The broadcasting industry is estab- 
lished on lines somewhat resembling our 
own, the Post Office collecting the licence 
fee of two shillings per month and handing 
over a part of it to the Company. The 
studios at Vox Haus in Berlin are well 
equipped and the performers are drawn 
from the best talent in Germany; the 
orchestra is one of the best in Berlin and is 
conducted by one of the leading conductors. 
On the technical side they draw on the 
whole resources of the Telefunken Company, 
Siemens and Halske and the A.E.G., and no 
effort is being spared to obtain the best 
results that modern science can produce. 
The number of listeners is at present small 
compared with the number in this country, 
but this will doubtless change as the struggle 
for existence becomes less intense among the 


great mass of the population, and the posses- 
sion of a receiving set comes to be regarded 
as something to which an ordinary individual 
may aspire. 

Several of the leading makers exhibited 
well designed and beautifully constructed 
neutrodyne and heterodvne sets at prices 
which seemed to be lower than those ruling 
in this country for similar sets. Even 
although most of the stalls are provided 
with sound-proof rooms for demonstrating 
their sets with loud-speakers, the conditions 
were not suitable for making critical tests 
and was largely dependent on appearance 
and the naturally somewhat rosy accounts 
of performance given by those in charge 
of the stalls. One could have no doubt, 
however, about «the quality of the sets now 
being exhibited bv such firms as Telefunken, 
Lorenz, Seibt and Huth, the latter of which 
we understand has been absorbed by the 
Berliner Telephone Co. 


The firms exhibiting simple crystal sets 
numbered thirty-six, whilst thirty-seven 
firms showed valve sets. Between them 
they covered the whole range from sets 
costing a few shillings to superheterodyne 
sets at from {30 to £40. The super- 
heterodyne was not nearly so popular 
as the neutrodyne type of receiver. The 
Telefunken Co. was showing a new five- 
valve neutrodyne—the Telefunkon-Gamma 
with three tuned neutralised circuits, con- 
trolled by a single knob, the three condensers 
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being mechanically coupled. The onlv other 
controls were a wave-change switch and a 
loudness regulator. A somewhat similar 
set by the Magnophon Co. of Dresden had 
the dial marked with the names of the 
leading European broadcast stations so 
that one could tune any of these stations 
in without bothering about their wave- 
length. No fewer than forty-cight firms 
exhibited variable air condensers and among 
them were manv ingenious slow motion 
devices. One manufacturer stated that they 
experienced considerable competition from 
England in this component, one English 
firm in particular doing a large business 
in Germany. Many of the better class 
receiving sets had the coils enclosed in 
removable trays or shallow drawers, which 
could be simply taken out and another 
drawer inserted to obtain a further range of 
wavelength, thus obviating the handling of 
the coils themselves. Although about 
twenty firms were showing rectifiers and 
apparatus for charging batteries or supply- 
ing anode current from the mains, much 
of the apparatus seemed to be only just 
emerging from the experimental stage. As 
was to be expected, headphones and loud- 
speakers were shown on a great many stalls ; 
there was little novelty among the former 
but among the latter there was everv con- 
ceivable construction. Of the forty-one 
firms showing loud-speakers many had 
several types and several sizes of each type. 
ln some the sound passed through a 
trumpet of massive wood, all metal being 
avoided, whereas in another the sound 
passed through two turns of I-in. brass 
tubing about two feet in 'diameter before 
emerging from a brass trumpet. The highest 
priced loud-speaker was of the hornless type 
with a cone of thin aluminium foil, made by 
Seibt and listed at £7 10s. The efforts af 
some makers in the direction of ornamen- 
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tation would find little appreciation in this 
country. Valves were shown by fourteen 
manufacturers but the only outstanding 
novelty was the multiple valve of Loewe. 
Although forty makers exhibited intervalve 
transformers, few of them could give curves 
or particulars of performance; generally 
speaking they were smaller and cheaper 
than those employed in this country. 

There were, of course, a large number of 
stalls filled with minor accessories, such as 
terminals, plugs, insulating materials, cabi- 
nets, etc., into which we need not enter. 

As an example of the prices ruling and the 
wav in which business is being done, the 
following is a translation of an advertise- 
ment in an amateur wireless weekly maga- 
zine :— 

“We deliver an AI two-valve set made 
by Messrs. Schuchhard, for all wavelengths, 
complete with valves, accumulator, anode 
battery, cord, and Hallophon Loud-speaker, 
erected complete with aerial. Six months” 
guarantee. Reception of foreign stations 
for 6 monthly pavments of {1 or 26 weekly 
pavments of 5s. Representative will call 
without charge. Demonstrations dailv. The 
entrance price of the Exhibition refunded 
to every purchaser of a set.” 

It suggests good value for £6. 

In the same magazine is an article on 
l.oud-speakers from which we translate the 
following paragraph: “In loud-speakers 
with diaphragms the tone is produced bv 
the vibration of the diaphragm. ln loud- 
speakers without diaphragms, there is no 
diaphragm to vibrate, but its place is taken 
by carbon granules which vibrate backwards 
and forwards.” This is from the weekly 
wireless supplement to the Berlin Morgen- 
post which was distributed at the Exhi- 
bition. It is only fair to sav, however, that 
this is far below the standard of the bulk 
of German popular wireless literature. 
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The Berlin Wireless Exhibition. [R064 


Enterprising Methods of German Radio 
Manufacturers. 
HE third annual German Wireless 
| Exhibition was held in Berlin from 3rd 
to 12th September. The exhibits were 
confined to German manufacturers, no goods 
of foreign manufacture being admitted. The 
exhibition was organised jointly by the 
State, the City of Berlin, and the “ Verband 
der Funk-industrie,” an association of wire- 
less manufacturers. The official opening of 
the exhibition was made the occasion of the 
dedication of the new tower which is to 
carry the Berlin broadcasting aerial and 
-which stands in the exhibition grounds. 
The City of Berlin has taken a large tract 
of land—an old parade ground about five 
miles from the centre of the city—and set 


Fig. 1. 


it apart as an exhibition ground. On this 
land there are now three large exhibition 
halls, the first of which, “ Das Haus der 
Funk-industrie,” was erected two years ago 
for the purpose of holding the first German 
wireless exhibition. The idea of the wireless 
industry of any country erecting their own 
exhibition buildings as a permanent structure 
on the outskirts of the capital is so striking, 
and the actual building presents so many 
points of interest, that we feel sure our 
readers will welcome a brief description of 
the undertaking. 

After some discussion it was decided to 
avoid the use of iron as much as possible 
and to erect a wooden building. Except 
for the brickwork of the lower walls the 
building is almost entirely of wood; but 


The Wireless Exhibition Hall in cowrse of construction. 
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owing to the wood being encased in fire- 
proof material, it has the appearance inside 
of a concrete building. The external appear- 
ance is very striking. As the building also 
houses the Berlin Broadcast Transmitter, an 
extensive system of earth wires was buried 
in trenches under the building before putting 
in the foundations. The main hall is 
rectangular, 430 ft. long and 136 ft. wide, 
with a gallery all round. Behind most of 
the stands, both on the ground floor and on 
the gallery, are sound-proof cubicles for 
demonstrating headphones and loud-speakers. 
During the wireless exhibition the local 
transmitter is not used, the Berlin broadcast 
being given from another aerial in a different 
part of the city. Two wires were stretched 
from end to end high up under the roof, 
and from these were hung a large number of 
receiving aerials, one for each stand if 
necessary. This hardly commends itself as 
an ideal arrangement for demonstrating the 
qualities of receiving apparatus and loud- 
speakers, although several exhibitors stated 
that it worked much more satisfactorily than 
one might have anticipated. We certainly 
heard many loud-speaker demonstrations 
without any sign of interference. 


One of the most striking things about the 
exhibition building is the fact that it was 
completed in three and a half months from 
the commencement of the work. 


The New Berlin Wireless Tower. 


The tower has a total height of 453 ft; 
like the Eiffel Tower, it is self-supporting, 
but is only about half the height and has 
not the widely spread base. It has been 
designed to answer a double purpose, for in 
addition to supporting the broadcasting 
aerial, it is to be used as an outlook tower 
and as an aerial restaurant. At the top is 
a revolving searchlight which will act as 
a useful guide to aircraft approaching 
Berlin. Just below the searchlight is a plat- 
form to which visitors are taken by a lift 
for ten persons; from this platform a very 
fine view is obtained, the city on one side, 
the Havel and Grunewald on the other. 
At a height of 150 ft. a restaurant has been 
built into the tower with two floors, the 
upper one being the restaurant proper and 
the lower one the kitchens, etc. It was 
intended at one time to insulate the tower 
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from the earth and this would have necessi- 
tated special arrangements, but we under- 
stand that it has not been decided to work 
with the tower earthed ; we noticed that the 
careful insulation of the feet of the tower 
was short-circuited by copper strip running 
to earth. 


The new Berlin wireless tower. 


Fig. 2. 


The Exhibits. 


No attempt will be made to review the 
exhibits in detail, but mention will be made 
of certain products which seemed of special 
interest. 


The Loewe-Radio Company’s Exhibit. 


The greatest novelty at the Berlin Exhibi- 
tion was undoubtedly provided by the 
Loewe-Radio Company, who made a strong 
point of their multiple valves. Interest 
was stimulated first by the low price at which 
the valves were offered; secondly, by the 
offer of the company to repair any burnt- 
out valve for 8s., replacing not only the 
burnt-out filament, but also the others at 
the same time; and thirdly, by the an- 
nouncement that the company had ceased 
to manufacture their previous types of single 
valves. The low frequency 3-fold valve 
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type 3NF, containing 3 valves together with 
the anode resistances, condensers and grid- 
leaks, all in a single bulb with a six-pin 
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socket is listed at 17s. 6d. plus a licence fee 
of 7s. gd. The high frequency double valve 
type 2 H.F., containing two valves and the 
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necessary anode resistance, condenser and 
grid resistance is listed at 15s. plus 5s. 
The special six-terminal bayonet sockets for 
these multiple valves cost 2s. 3d. each. 
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Fig. 5. 


These multiple valves are a development 
from the work of M. von Ardenne and 
Heinert, who, instead of using an anode 
resistance of the order of 50,000 ohms in 
resistance-coupled amplifiers, used resist- 
ances of several megohms with valves 
specially designed to have a very large 
amplification ratio, viz. : 25 to 35. 

To obtain good results with such an 
arrangement it is essential that the resist- 
ances should be non-inductive and of as 
small a capacity as possible. The Loewe 
Company developed a valve with suitable 
characteristics—their LA77—and a special 
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type of resistance sealed in an evacuated 
glass tube, and put on the market a three- 
valve set employing these components. The 


Fig. 6. 


connections of this set, which was intended to 
give loud-speaker results from a local 
station, were as shown in F ig. 3. 

The four resistances and two condensers 
were so ‘small that they suggested the 


00000 


~U 
| 
| 
] 
] 
i 
l 
- 
20000 
TO 
DETECTOR 


EXPERIMENTAL WIRELESS & 


ssibility of putting them all in a single 
bulb which might also contain the elements. 
of the three valves. This would have the 
advantages of reducing stray Capacities to 
a minimum, of screening all parts from 
atmospheric influences and of extreme com- 
pactness. Fig. 4 shows how the various 
elements are assembled in the bulb, whilst 
Fig. 5 shows the external appearance of the: 
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Fig. 8. 


specially-designed socket. 
From Fig. 6 it will be seen that the con- 
nections are the same as in Fig. 3; it will 
be seen moreover that the only apparatus 
outside the. bulb is the aerial tuner, the 
batteries, and the loud-speaker. The filament 
battery should be one of 4 volts without 
series resistance, small voltage changes due 
to the battery running down having no 
appreciable effect: the current taken is 
0.3 ampere. With an anode voltage of go 
the total current taken by the three valves 
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is only from 3 to 5 milliamperes, but to obtain 
volume enough for a large room the voltage 
should be increased to 150 volts. 


From a local station, loud-speaker strength 
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can be obtained with an indoor or frame 
aerial. With an outdoor aerial a number of 
distant stations can be heard on the head- 
phones. 
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The H.F. Double Amplifier Valve. 
The same principles have been applied 
to the design of a high frequency resistance- 
coupled unit consisting, however, of only 


The necessity of avoiding all 


two stages. 
stray capacities increases with the frequency, 
and the Loewe arrangement is therefore 
very suitable for high frequency resistance- 
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coupled amplifiers. The connections are 
shown in Fig. 7, and the arrangement of the 
various elements in the bulb in Fig. 8. 
The design has been carefully worked out 
by Dr. Loewe in collaboration with M. von 
Ardenne, with the result that appreciable 
amplification is obtained down to wave- 
lengths of less than 200 metres. In Fig. 8, 
are to be seen the two valves, the anode 
resistance of the first valve, the grid 
condenser, and the grid-leak of the 
second valve. In outward appearance the 
two bulbs are similar, each has a six-pin 
cap fitting into similar sockets. In the 
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Fig. 9 shows the combination of the two 
units in a receiver. The Loewe Company 
supply receivers made up in this way at a 
list price of £6 15s. inclusive of licence fees 
but exclusive of the four plug-in coils. 

To increase the amplification at short 
wavelengths, capacity reaction is provided 
by a very small condenser, shown dotted, 
which has a maximum capacity of 2 or 3 cm. 

Such an aperiodic amplifier is not in itself 
selective; sufficient selectivity must be 
obtained by the tuning and loose coupling 
of the aerial and grid circuits. We presume 
that one will have to make the «usual 


are 


H.F. amplifier double grid valves 
employed, the inner grids being connected 
to a point on the anode battery about 15 
volts positive with respect to the filament ; 
the total space-charge current will then be 
about 5 milliamperes. The filaments are 
designed for direct connection to a four-volt 
battery, the current being about 0.17 ampere. 

The makers emphasise the importance of 
screening to obtain the best results, and 
advise wrapping tinfoil round the bulbs 
and earthing it to the filament termina]. 
They also recommend that a 5,000 cm. 
condenser be connected across the output 
terminals on the socket of the detector 
amplifier unit in order to avoid H.F. 
oscillations being set up. 


compromise between selectivity and quality 
of reproduction. 

Figs. IO and II show various stages in the 
manufacture of the detector-amplifier unit 
and the high frequency amplifier respectively. 


Radio-Frequenz G.M.B.H. 


This company, which is a Loewe-Radio 
subsidiary, specialise in luminous quartz 
resonators. As oscillation generators were 
not allowed within the Exhibition Hall 
they could not be shown in operation there, 
but the writer was given a striking demonstra- 
tion of this important development at the 
Reichsanstalt, where the discovery was 
made by Dr. Giebe and Dr. Scheibe. It is 
now generally known that if a bar of quartz 
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cut in a certain direction with relation to 
the crystal axes is compressed, it becomes 
electrically polarised and conversely, if placed 
in an electric field it becomes mechani- 
cally strained. These so-called direct and 


S 
$ E, 
Fig. 12. 
reciprocal piezo-electric effects were dis- 
covered in 1880 by J. and P. Curie. In 
1922 W. J. Cady described how the natural 
mechanical frequency of vibration of such a 
quartz bar enabled it to be used as a very 


accurate standard of frequency of electrical 
oscillations. Giebe and Scheibe in 1925 


Fig. 13. 


mounted the quartz bar in a vacuum tube 
with a mixture of helium and neon at a 
pressure of a few millimetres and found that 
the electric polarisation set up when the bar 
vibrated caused its surface to be covered 
with a luminous glow. This serves as a very 
sensitive indicator of resonance without the 
aid of any measuring instrument. Fig. 12 
shows a bar of quartz suspended by silk 
threads SS at each end, the electrodes E, 
and E, being close to the bar at its centre 
but not touching it. When placed in the 
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rarefied gas with a high frequency P.D. 
applied between E, and E,, nothing happens 
unless the frequency is adjusted to agree 
exactly to within about I part in 20,000 
with one of the natural frequencies of the 
quartzbar. Fig. 13 shows photographs of the 
effects produced on a bar 8 cm. long when 
vibrating in its 3rd, oth, 15th and 21st 
harmonic. The vibrations are not trans- 
verse, but longitudinal, and the luminous 
effects occur at the points of maximum 
compression ; thus the luminous patches 
cannot occur at the ends, and with the 
electrodes symmetrically at the centre only 
the odd harmonics can be produced. This 
will be clear from Fig. 14, which shows the 
conditions existing in the quartz bar at 
successive quarter cycles when vibrating 
at its 3rd harmonic. In 14(a) there are no 
differences of pressure, but the arrows show 
the movement of the quartz at different 
parts of the bar; in 14(0) a 
quarter period later the move- 
ment has ceased, but the 
preceding movements have 
left it strained with a central 
region of compression and two 
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side regions of rarefaction ; a quarter period 
later the strain is relieved and we have the 
velocities shown in 14(c), to be succeeded a 
quarter period later by the compressions 
and rarefactions shown in Fig. I4(d). 

The longitudinal compressions and rare- 
factions cause transverse electrical polarisa- 
tion as indicated by the + and — signs, 
and if these are strong enough they produce 
luminous effects in the neighbouring gas. 

If it is only desired to work at the funda- 
mental frequency of the quartz rod a simpler 
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arrangement is possible, especially for wave- 
lengths of a few hundred metres. The 
frequency of the broadcast transmitter at 
the Berlin Exhibition Hall has been con- 
trolled for some months by a quartz rod 
4-6mm. long 3mm. broad and 1.5mm. 
thick, lying loosely in a small metal holder 
with the other electrode a few millimetres 
above it. The fundamental frequency corre- 
sponds to a wavelength of 505 metres. 

The newest type 
made by the Radio- 
Frequenz Co. are 
mounted in bulbs re- 
sembling small electric 
lamps; in these the 
quartz bar is held 
between the electrodes 
as shown in Fig. 15. 
These respond to a 
P.D. of 30 volts if the 
frequency is within 
one part in 10,000 of 
the resonant value. 
Fig. 16 showsa cabinet 
with five resonators 
each differing from 
the next by one part 
in a thousand, the 
middle one being ad- 
justed to the standard 
frequency required. 
In this way one can 
watch the variation of 
frequency and see at 
once whether it is too high or too low. Above 
the quartz resonators is a neon lamp for 
rough adjustment, it is in parallel with the 
resonators and goes out when they respond ; 
it also serves as a safety valve to protect 
the resonators.. In the lower part of the 
cabinet is a crystal detector and galvano- 
meter which can also be used as a resonance 
indicator. 

The connections are as shown in Fig. 17. 
Prof. Giebe has made the interesting dis- 
covery that there is a low frequency perio- 
dicity in the luminous phenomenon. If a 
detector-amplifier unit be connected up to a 
loud-speaker and the input grid terminal 
be connected to a piece of wire brought near 
the quartz resonator, a note is emitted 
whenever the resonator glows. The pitch 
of the note depends on the gas pressure and 
on other things; it is highest at resonance, 
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and lowers in pitch on either side of the 
resonant point, ceasing abruptly when the 
luminosity ceases. As the loud-speaker or 
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several loud-speakers can be situated at any 
convenient points this gives a very convenient 
acoustic method of distant control of the 
frequency. Fig. 18 shows the arrangement. 


Fig. 17. 


Siemens Halske’s “Protos ’’ Loud-Speaker. 

This loud-speaker excited much interest 
because one of the same type but of a 
large size was mounted on the top of the 
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kiosk in the centre of the Hall and added to 


the general hubbub of the Exhibition by 
giving musical items. The volume was no 
doubt enormous and the quality remarkably 
good considering the conditions, but it was, 
we fear, generally regarded as a nuisance 
by those in its immediate vicinity. A 
similar apparatus in the grounds sounded 
better, probably due to the absence of 
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Fig. 18. 


reverberation, especially in items of the 
military band type. The principle of this 
loud-speaker is simple; two sheets of 
Pertinax are secured at their outer edges 
and curved round so that their adjacent 
edges lie together, where they are stiffly 
sewn together as shown in Fig. 19. The 
magnet system acts horizontally on this stiff 
edge as shown by the arrow. 


Fig. 20 shows the interior, with the orna- 
mental perforated front plate removed. 


This model is listed at £3 15s. 


Apparently the same loud-speaker is made 
by the Telefunken Company under the name 
“ Arcophone.” 

Fig. 21 shows the 
large model referred 
to above. It-will be 
noticed that the 
curved sheets are 
placed vertically in 
this case. It is oper- 
ated on the moving 
coll principle but 
the coil is replaced 
by a straight alumi- 
nium band about 20 
inches long running 
along the stiff edge 
where the two 
curved sheets are fastened together. This is 
situated in the gap of a magnet and conse- 
quently moves backwards and forwards 
under the influences of the amplified speech 
currents. 
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C. Lorenz A.-G. of Berlin. 


This firm is one of the oldest and largest 
in the Radio Industry; they manufacture 
everything connected with wireless from 


Fig. 20. 


crystal detectors to high-frequency alter- 
nators. They exhibited a wide range of 
apparatus, including complete broadcasting 
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y of the continental 
Among the recelving sets was a 


panels as supplied to man 
stations. 


small but well-made Crystal set with vario- 
IOS. 


meter tuning listed at At the other end 
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are seen at the bottom, 


ment at the right ; the four filament rheostats 
are operated by the four discs mounted 
edgewise at the top of the case. The set is 


the reaction adjust- 


Fig. 24. 


listed at £14 10s. with a 
range ; the additiona] ranges cost 35s. each. 
Their “ Universo” set consisted of a 
single-valve receiver Which could be coupled 
up to a two-valve amplifier in a separate 
This set is shown in Fig. 24 and the 
connections in Fig. 25. On the left is seen 
the massively mounted plug-in coil by which 
the range can be Changed, four coils covering 


single wavelength 


Fig. 23. 
range; there are three such drawers covering the range from 200 to 4,500 metres. Each 
200-600, 600-1,700, and I,700-4,000 metres 


respectively. The three variable c 


half of the set is 
ondensers coils at 5s. 6d. each. 


listed at 57s. 6d. and the 
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Push-Pull Valves. 


Two firms exhibited valves with a single 
filament but with a grid and anode on either 
side of it. These valves were fitted with 
six-pin caps, and could be used in place of 
two separate valves in any ordinary two- 
valve arrangement; they could also be 
used with central-tapped transformers on 
the well known push-pull system, as shown 
in Fig. 26, which is reproduced from the 
pamphlet issued by Dr. Nickel G.m.b.H. = 
of Charlottenburg, one of the firms = 
making these valves under the name of ' 
“ Dustron.”’ Fig. 26. 
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The Thermionic Voltmeter. 
By W. B. Medlam, B.Sc.. A.M.LE.E., and U. A. Oschwald, B.A. 


[R261 


(Concluded from page 589 of October issue). 


Type III. Direct Grid Slide Back Type. 


HIS type, as shown in Fig. 24, is rather 
more complicated than Types I. and II., 


but has important advantages. To 
measure a voltage applied across the input 
terminals the grid potential is adjusted by 
means of the potential divider A (fine control) 
and the cells B, (coarse control) until the anode 
current is reduced to a definite fixed value, 
say IuA. The D.C. grid voltage is then a 
measure of the applied voltage. A separate 
D.C. voltmeter to measure the grid potential 
is not essential, as this may be measured 
on the anode microammeter by a simple 
change of connections. An arrangement 
for this purpose is shown in Fig. 25. With 
the switch in position 1 the instrument is 
connected in the anode circuit, and in 
position 2 the instrument is connected 
in series with the necessary resistance R 
across the steady grid voltage to be measured. 
The resistance R may be tapped, or the 
galvanometer may be shunted, to give a 
series of D.C. voltage ranges. 


be 


"To 


Fig. 24. 


Connections on the slide back 
voltmeter, Type 111. 


The connections in Fig. 24 are similar to 
those used in the earliest forms of voltmeter 
in which the grid voltage was slid back 
until the anode current was just reduced to 
zero. The difference between the slide back 


voltages with the signals on and off gives 
the peak value of the A.C. voltage. Owing 
to the indefiniteness of this zero setting and 
the low sensibility in the region of zero anode 
current the authors prefer to modify the 
operating conditions so that the slide back 


Connections for measurement of 
the grid bias on the anode microammeter. 


Fig. 25. 


is to a false instead of to a true zero of anode 
current. In this case the calibration, except 
for very low voltages, may be made practi- 
cally linear over a long range. 


(a) Sensibility and Range. 

With this type the range extends from 
about 0.1 volt to the highest voltage it is 
safe to apply to the grid of the valve. The 
whole range is covered by a single calibra- 
tion and the voltmeter can be made highly 
sensitive throughout its range. Specimen 
calibration curves are given in Fig. 26 for 
a series of values of the constant anode 
current. For the nearly linear part the 
calibrations may be expressed in the form 
E = aV —b, in which 

E = the R.M.S. value of the A.C. voltage 

to be measured. 

V = D.C. slide back voltage required to 

reduce the anode current to the 
given value. 


R.M.8. VOLTS 
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a and 0 are constants the values of which, 
derived from the curves in Fig. 26, are given 
in Table V. As the constant anode current 
is reduced the value of a approximates more 
nearly to 1/V2, t.e., the increment in bias 
voltage becomes more nearly equal to the 
increment in peak value of the A.C. voltage. 
A calibration for zero anode current is not 
given owing to the indefiniteness of the 
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Fig. 26. Calibration curves of the slide back 


voltmeter, Type III. 


zero setting. The apparent setting depends 
entirely on the sensitivity of the galvanometer 
used. This point is well shown by the curves 
in Fig. 27, showing the relation between 
bias and anode current for two slightly 
different A.C. voltages applied to the grid. 
As the bias is increased the slope becomes 


= ee —— 


TABLE V. 
Constant | b 

anode current. o e | 

.———a T | 
0.01 0.73 ; 2.87 
1.0 0.75 1.72 
2.0 0.76 1.42 
3.0 0.70 1.20 
4.0 0.76 1.05 
3.0 | 0.77 0.96 
10.0 0.77 | 0.66 


less and less, and zero anode current is 
approached asymptotically. One might 
estimate that the zero is reached by the 
lower curve at about —g.8 volts bias, but 
if the values in this region were measured 
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with an instrument ten times more sensitive, 
some anode current would probably still 
be measurable with, say,—II volts bias. If 
one works to a definite constant anode 
current, however small this may be withm 
reason, the bias setting is perfectly defmute. 
The difference 1n bias for the given difference 
in A.C. voltage is practiclly constant over 
the range covered by the two curves in Fig. 
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Fig. 27. Anode current--grid bias curves, in 
the region of zero anode current, for two slightly 
different A.C. voltages. 


27,1.e., the horizontal separation of the curves 
is nearly- constant, being .27 volt at .1nA and 
30 volt at IuA, t.e., a change of only 
.03 volt when the current is increased ten- 
fold. However, the curves are steeper at 
the higher value of anode current, indicating 
a rather mere sensitive adjustment of the 
bias with a given galvanometer. With 
a microammeter the sensitivity of the bias 
setting (for small A.C. voltages of the order 
of .2 volt) increases with the anode current ; 
but there is little gain for currents above 
5uA. On the other hand, the change in 
bias volts due to a given A.C. input actually 
increases as the anode current is decreased, 
as shown bv the values of the constant a 
in Table V. Of course, one wants this 
change in bias to be as large as possible, 
and in this respect there is a real gam in 
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working to 1A rather than to 5uA, especially 
on very low inputs. Further information 
on this point is given in Table VII., later. 
However, the sensitivity of the bias adjust- 
ment at IA is ample to make this “value 
preferable to any greater value, when 
all things are taken into consideration. 
Before leaving the curves in Fig. 27, it may 
be noted that although their horizontal 
separation is nearly constant, their vertical 
separation decreases as the bias increases, 
indicating continued decrease in sensibility 
if the voltmeter is used as the deflection 


Type I. 


TABLE VI. 
(A) SINE WAVE. 


Bias to slide back to : | Increment in bias to 
| 


R.M.S. AC. slide back to : 
volts. UON ikaj peak 
.OIuÀ. | IOMA. S$SuA. volts. | .oIuA. |1.0KA.| SuA. 
o 4.80 | 4.40 | 3.42 | o — — = 
0.5 5.51 5.00 3.65 0.71 0.71 0.60 | 0.23 
1.0 6.21 5.60 | 4-20 1.41 1.41 1.20 | 0.78 
1.5 6.92 6.20 | 4.75 2.12 2.12 1.80 | 1.33 
2.0 7.63 6.85 5.40 2.83 2.83 2.45 | 1.98 
2.5 8.34 7-45 | 6.05 3-54 3-54 | 3.05 | 2.63 
3.0 9.04 | 8.05 6.72 4.24 4.24 3.65 | 3.30 
3-5 9.75 8.60 ' 7.40 4-95 4-95 | 4.20 | 3.98 
4.0 10.46 | 9.20 LW 8.10 | 5.65 5.66 4.80 | 4.68 


The effect of H.T. on the sensibility of 
the Type III. voltmeter is quite different 
from its effect on the deflection types. If 
the H.T. is increased more negative bias 
must be used in order to pull down the anode 
current to its given value if the filament 
current is kept constant, or alternatively, 
if the bias is kept constant the filament 
current must be reduced. In either case 
the sensibility is very little affected by large 
changes in H.T., and any value, say between 
4 volts (from L.T.—) and 20 volts is oe 
from this point of view. If the H.T. 
very low one cannot use as much en oe 
bias as is desirable unless a large filament 
current is used. Alternatively, with large 
values of H.T. and a safe value of the bias 
the filament current has to be so low that 
the sensibility falls owing to early saturation 
produced by the low filament emission. The 
best value of H.T. to use in any particular 
case may be determined as follows: With 
no A.C. input, set the bias to about —3 volts 
and raise the filament current to its normal 
working value, then adjust the H.T. until 
the required anode current of, say, IMA, is 
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obtained. This gives the lowest value of 
H.T. which should be used. Then lower 
the filament a little and increase the H.T. 
until the required anode current is again 
obtained Finally vary the bias in order 
to see that there are no signs of saturation 
at zero (or any negative) grid potential. 
When the filament current has to be reduced 
to such a value that saturation occurs 
near zero grid potential, the corresponding 
H.T. is the highest value which should be 
used. The calibration of the voltmeter is 
practically identical for all values of the 
H.T., (and filament current) between the 
limiting values obtained as described above. 


(b) Possible Frequency Error. 


The comments made under this heading 
in connection with Type I. apply here also. 
Calculations made from static characteristics 
agree within I per cent. with experimental 
A.C. calibrations with Type III. 
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Fig. 28. Calibration curves of the Type III. 
voltmeter on wave forms (a), (b), (c). 
(c) Wave Form Error. œ 


From the principle of operation of this 
type of voltmeter one would expect its 
readings to follow the peak value of the 
input voltage unless the constant anode 
current is large. This view was confirmed 
on test with the same wave forms (Figs. 7, 
8, and 9) on which the other voltmeters were 
tested. The results are given in Tables VI., 
VII. and VIII. for (a) the sine wave, (b) the 
third harmonic wave, and (c) the second har- 
monic wave, respectively. The increment in 
bias is plotted against R.M.S. volts in Fig. 28, 
for a slide to IA, in all cases. The errors 
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referred to the corresponding sine calibra- 
tions as before, are given in Table IX. They 
will be seen to be greater than for Type I. 
and less than for Type II. The errors 
decrease as the anode current is increased. 


TABLE VII. 
(B) THIRD HARMONIC WaVE. 


ERC 


| Increment in bias to 
Bias to slide back to : | 


| 
AC. | slide back to : 
R.M.S. | k 
volts. volts. | 
| -oruA. | 04A. 5uA. -OIUA.|LO:A. $uA. 
| 
o | 4.80 | 440 | 342 0 | — | — — 
0.5 8.64 5.15 | 3.68 | 0.915! 0.84 0.75 0.26 
1.0 6.47 , 5.85 | 4.25 1.83 1.67 | 1.45 0.83 
1.5 | 7.3I | 6.50 483: 2.74 2.51 2.10 1.4! 
2.0 8.14 7.20 5.50 ' 3.66 3.34 | 2.80 2.08 
2.5 8.98 | 7.90 | 6.20 || 4.57 | 4.18 | 3-50 2.78 
3.0 9.82 8.55 6.90 l $.49 §.02 4.15 3.48 
3.5 | 10.65 | 9.15 7.60 6.40 | 5.85 | 4.75 i 4.18 
4.0 | 11.49 9.80 8.33 | 7.32 | 6.69 | 5-40 4-91 


(d) Input Load. 

The power factor of this type is about the 
same as for the deflection Type I. (operated 
with proper grid bias in relation to the input 
voltage). With very large input voltages 
(exceeding say 20 volts) the load may become 
a little greater unless the initial bias is at 
least 3 volts with no input. The reason for 
this is that the increase in bias is not quite 
as great as the increase in A.C. volts. 


TABLE VIII. 
(c) SECOND HARMONIC WAVE. 


! 
Increment in bias 


| Bias to slide | : 
| A.C. peak volts. ' to slide back to 
back to INA. | imA, 
R.M.S 
volts EGI are akoj, | = TE 
Peaky Flat Peaky Flat Peaky Flat 
half. | half. half. | half. half. ! half. 
+ + | + + + | + 
o | 4.60 4:60 | o o HN T S 
0.5 | 4.91 4.80 | 0.88 0.52 0.31 | 0.20 
1.0 5.53 5.25 1.77 1.05 0.92 | 0.65 
1.5 | 6.34 5.80 2.65 1.57 1.74 1.20 
2.0 7.20 6.36 3-54 2.10 . 2.60 1.76 
2.5 | 8.08 6.92 | 4-42 2.62 | 3.48 2.32 
3.0 | 8.94 7.48 5.31 3-15 | 4.34 2.88 
3-5 9.80 8.04 6.19 3.67 5.20 3.44 
4.0 | 10.65 8.60 7.08 4.20 | 6.05 4.00 


(e) Stability of Calibration. 


A great advantage of this type of volt- 
meter is the permanence of its calibration. 
When operated very close to zero anode 
current, say .OIuA, the increment in bias 
becomes nearly equal to the peak value of 
the A.C. voltage, and is almost entirely 
unaffected by change in the values of the 
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H.T. steady bias and filament current. In 
addition, this calibration is the same for any 
valve. As the constant anode current is 
increased the calibration becomes dependent, 
to an increasing extent, on the values of the 


TABLE IX. 


Per cent. error with slide back to : 


R.M.S. IHA. 
volts. OIuÀ SuA 
c 
= == b b 
b Peaky Flat 
| half + half + 
0.5 +20 —48 —68 +20 +5 
1.0 + 23 —22 —47 +18 +7 
1.5 +16 —3 —34 +18 +3 
2.0 +15 ' +7 —26 +18 +3 
2.5 +16, +16 —23 +18 +5 
3.0 +15 ' +21 —21 +18 +5 
3-5 +14 +25 —I9 +18 +4 
4.0 +14 +28 —I6 +18 +5 


H.T. bias and filament current and also on 
the valve used. 

The results of a test with a 235-type valve 
to show the effect of changes in the H.T. 
filament current and steady bias are given 
in Table X. for a constant anode current of 
IA. In test A the bias was kept constant 
at —2 volts and the filament current 
and H.T. were varied together to give IuHA 


TABLE X. 
CONSTANT ANODE CURRENT IpA. 


! 


Negative bias with | 
, Increment Conditions 
{ 


volts. current. No volts. | 2.2 volts ' in bias. of test. 
| R.M.S. 

18 .236 2.00 | 3.67 1.67 

16 | .242 2.00 3.97 1.97 | 

14 .26 2.00 4.13 | 2.13 | 

12 | .282 2.00 4.21 2.2I 

IO .302 2.00 4.24 2.24 | A 
8 | .330 ' 2.00 | 4.21 2.21 

6 .370 2.00 | 4-19 ' 2.19 | 

4 | 438 200 | 4.17 2.17 | 

12 .245 ' 098.93 2.70 (177 

12 .360 i 14I $.61 2.20 

12 .390 2.18 4.39 | 3.21 B 
12 .318 2.69 4.89 2.20 

12 .378 3.44 8.62 2.18 | 

2 | .35 0.78 3430 | 242 | 

6 ' 35 | L77 4.00 2.23 | 

12 -3$ | 3-I$ 5-34 2.19 Cc 
18 -35 | 4.50 6.60 2.10 


with no input. The bias values with 2.2 
volts R.M.S. are shown in column 4, and the 
change in bias due to this input in column 
5. The calibration is seen to vary, but it 
must be taken into consideration that the 
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filament current range between the first 
and last values (.236 and .438A respectively) 
is enormous. With .236A the saturation 
current did not greatly exceed IpA, 
and with .438A it was greater than 
40 miliamps. In the region of normal 
filament current a change of I per cent. 
in the calibration does not occur until the 
H.T. changes about 30 per cent. In test 
B the H.T. was kept constant, and the 
filament current and bias were varied to- 
gether to give IuA, with no input. The 
change in calibration does not much exceed 
I per cent. over a range of filament current 
from .26 to .378, and of initial bias from 
I.4I to 3.44 volts. 

In test C the filament current was kept 
constant and the H.T. and initial bias were 
varied together over a very wide range. 
If an H.T. of nominal value 12 volts drops 
to half this voltage the calibration only 
changes 1.8 per cent. under these con- 
ditions. 


Type IV.— Deflection Type, Curvature Recti- 
fier with Grid-Leak and Condenser. 


This type operates in the same manner as 
the Type I. voltmeter but it does not require 
a closed input circuit and is not affected by 
D.C. voltages across its input terminals. 
The connections are shown in Fig. 29. 
These are the same as for Type II. except that 
negative bias is applied to the grid-leak so 
as to enable the valve to operate on the 


Fig. 29. Connections of the deflecting volt- 

meter, Type IV., rectifying on curvature of 

the anode characteristic but using a grid 
condenser and leak. 


lower bend of its characteristic and to 
prevent the flow of grid current. The 
voltmeter will operate without the extra 
anode voltage B if the galvanometer lead 
is taken to L.T. +, but this extra voltage 
is an advantage as in the case of Type I., 
and for the same reasons. 
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(a) Sensibility and Range. 

The general comments made under thts 
heading for the Type I. voltmeter apply 
equally here. If the voltmeter is operated 
so that no grid current flows during any part 
of the cycle of the input voltage, 7.e., the 
grid bias exceeds the peak value of the A.C. 
voltage by a volt or so, then the calibration is 
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Fig. 30. Calibration curves of the Type IV. 
voltmeter. 


identical with that of Type I. operated under 
any given conditions. Thus the numerical 
results previously given for Type I. also 
apply to Type IV. in this case. But if the 
grid bias is insufficient to prevent grid 
current the calibrations of the two types 
are not the same. This is shown by the 
calibration curves in Fig. 30. The full line 


curves are the calibrations for Type IV., 


the dotted lines are those for Type I. These 
results were obtained with the following 
steady biases: (a) — 2.27 volts, (6) — 3.17 
volts, and (c) — 4.27 volts. Vertical lines 
cutting the three calibration curves a, b, and 
c at these voltages respectively, will be seen 
to mark the point on each curve at which 
the calibrations for the two types become 
different. Beyond this point the divergence 
increases rapidly with increased input and 
correspondingly increased grid current. The 
reason for this divergence is that grid 
current through the leak sets up a P.D. 
across it in such a direction as to make the 
grid more negative. Thus with grid current 
the negative potential on the grid is greater 
than the steady bias, giving a reduction in ' 
anode current which does not occur in the 
case of Type I. unless the voltmeter is used 
on a very high resistance input circuit. 


‘ 
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However, thts divergence is really outside 
the normal working range of the voltmeters 
over which the calibrations are identical. 

By arranging the input connections as 
shown in Fig. 31, using a single pole switch, 
a rapid change over from one t to the 
other may be effected. With the switch 
in position 2 the voltmeter operates as Type 


Fig. 31. A method of effecting a 
change over from the Type IV. 
voltmeter to Type I. 


IV. on open input circuits or where there is a 
D.C. through the input circuit; with the 
switch in position 1 the voltmeter operates 
as Type I. in cases where it may be desired 
to cut out the load due to the leak.* The 
calibration and operating conditions are 
all unaffected by the change over, unless 
there is grid current. The bias must be 
connected as shown in Fig. 31, and not in 
series with the leak, as in Fig. 29. 


(b) Frequency Error. 
See remarks under this heading for Type II. 


(c) Wave Form Error. 


The wave form error is the same as for 
Type I. over the range where no grid current 
flows. When there is grid current the reading 
will be less with a peaky wave than with a 
sine wave, and the errors will be less positive 
than shown in Table I. We do not present 
experimental results for this case, as it is 
outside the proper working range of the 
voltmeter. 


(d) Input Load. 


The power factor of Type IV. will be higher 
than that of Type I. by an amount depending 
on the A.C. qualities of the grid-leak. From the 
results given in Tables II. and IV. one may 
expect that the losses will be about doubled 
by the presence of the leak, unless this 


$ See also the comments under heading “' 
Load,” Type IV. 


Input 
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happens to have unusual losses. In this 
connection it may be noted that with the 
switching arrangement shown in Fig. 31, 
the total capacity between the switch contact 
2 (with its wiring to and the capacity of 
the leak terminal) and the centre contact 
(with its wiring to the grid) must be reduced 
to a fraction of IuuF if the leak losses 
are to be much reduced when the switch 
is in position I. For instance, with leak F 
(Table IV.), a wiring capacity as low as 
o.4uuwF, will only reduce the leak losses to 
half what they would be with the leak in 
direct connection to the grid. It may also 
be noted that, although the material used 
between the plates of the grid condenser 
must have a high insulation resistance in 
order, as has been previously pointed out, 
to prevent direct leakage of D.C. potentials 
to the grid, this material may be a very 
inferior dielectric without affecting the A.C. 
losses of the voltmeter, as there is practically 
no voltage drop on this condenser. 

Although the losses with Type IV. will be 
greater than with Type I., they will be less 
than with Type II., using the same leak in 
both cases. 


(e) Stability of Calibration. 


If the operating conditions are such that 
there is no grid current the results previously 
given for Type I. apply here in detail. A 
change of leak resistance has no effect on 
the calibration. But when there is grid 
current there will be a change in calibration 
if the leak resistance alters. 


Type V.—Grid Slide Back Type with Grid-leak 
and Condenser. 


This type of voltmeter is the similar 
modification of Type IIT. that Type IV. is of 


Type I. It is operated in exactly the same 
way as Type III. The connections are 
shown in Fig. 32. The variable bias 


required to reduce the anode current to its 
constant value is applied to the grid through 
a high resistance leak, instead of directly 
as in Tvpe III. 

The performance of this type under head- 
ings (a), (c) and (e) is identical, qualitatively 
and quantitatively to that of Type III., the 
calibration being independent of the leak 
resistance. 

The power factor will be increased due 
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to the A.C. losses in the leak, even if the D.C. 
resistance is made high enough to prevent 
any appreciable load on this account. 
The magnitude of the increase may be 
estimated from what has been stated above 
in connection with other types of volt- 
meter. | 


Fig. 32. Connections of the slide back 
voltmeter, Type V., using a grid con- 
denser and leak. 


The frequency error will be determined 
by the conditions given in connection with 


Type II. 
Type VI.—The Reflex Voltmeter. 


The great disadvantage of the direct 
deflection voltmeter, Type I., for general 
purposes, is the shortness of its range. If 
one maintains the grid bias at I volt more 
than the peak value of the maximum A.C. 
voltage, then the difference between the 
highest and lowest voltages readable (on the 
scale of a microammeter) will not exceed 


Fig. 33. Connections of the reflex voltmeter, 
Type VI. 


3 volts under the most favourable con- 
ditions. Usually the range covered is nearer 
2 than 3 volts. Thus many different calibra- 
tions are necessary to cover a wide range 
without a break. We have recently been 
experimenting with a modification of this 
type in which the above disadvantage is 


overcome. This new voltmeter we have 
termed the reflex type. The connections 
are shown in Fig. 33, from which it will be 
seen that a high resistance R is connected 
in such a way that the voltage drop on it, 
due to the anode current flowing through 
it, acts as an additional negative bias. 
If the A.C. voltage on the grid is increased, 
the anode current increases, and the negative 


TABLE XI. 


H.T. = 60 volts. R= 160,000 ohms. 
Steady bias — 12 volts. 


R.M.S. volts. Anode current. 
o 8. 
I 9.5 
2 12.0 
3 15.3 
4 20. 
5 25 
6 30 
8 40 

10 50 
I2 60 
14 70 
16 80 
18 go 
20 100 


bias is also automatically increased in pro- 
porion. Thus much greater voltages may 
be applied to the grid before grid current 
occurs than is the case with the Type I. 
voltmeter with the same steady bias. In 
addition the sensibility with low inputs is 


Fig. 34. The usual method of improving 
the degree of linearity of the scale of the 
Type I. voltmeter. 


unaffected, as under these conditions the 
anode current, and drop on the resistance 
is very small. It is possible with this type 
to calibrate the scale of a microammeter 
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from, say, I to Io volts, or from 2 to 20 
volts. In the second case.the scale may 
be made perfectly linear from 4 to 20 volts, 
as shown by the specimen calibration in 
Table XI. 

It is well known that the scale of the 
deflection voltmeter (Type I.) may be made 
more linear by insertion of a high resistance 
in the anode circuit as shown in Fig. 34,* 
but this resistance does not increase the 
useful range of the voltmeter as it does 
not affect the grid circuit conditions, on 
Which the maximum safe input voltage 
depends. The voltage drop on the resistance 
in this case has the sole effect of reducing 
the anode potential se that the anode 
current rises more slowly as the A.C. grid 
voltage is increased. In the reflex volt- 
meter this resistance has the additional 


Connections of a reflex voltmeter, 
using grid condenser and leak. 


Fig. 35. 


effect, as mentioned above, of increasing the 
negative bias when the A.C. grid volts 
increase. This second effect also slows 
down the increase in anode current. Thus 
a given degree of linearity of the scale is 
obtained with a lower resistance with the 
reflex connection. 

We are at present attempting to make a 
linear microammeter scale serve for several 
voltage ranges having exact multiplying 
factors of, say, 2, 5 and 10, by simply 
changing the resistance and bias according 
to the range required. As our experiments 
in this direction are not yet completed we 
are leaving quantitative information on this 
voltmeter for a later paper. 

It will be evident that the reflex action 
may be applied usefully to the Type IV. 
voltmeter, as shown in Fig. 35. 


——————— ————————— “—— ————— = —— =— ee 


* Loc. cit. 
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Conclusion. 

Each of the voltmeters described above 
is more suitable than any of the others for 
some particular purpose, and it may be 
useful to indicate briefly the scoring points 
of each type. The deflection voltmeter, 
Type I., is the simplest of all. This type 
and its modified form, Type IV., are the 
most suitable for use in cases where small 
changes in comparatively large voltages 
have to be read as accurately as possible, 
as in certain resistance measurements. By 
suitably biasing the grid the voltage scale 
may be expanded in the region where it is 
desired to work, and these voltmeters will 
be the most sensitive of any to voltage 
changes over this restricted range. These 
types also show less wave form error than 
any other type. The broken D.C. input 
circuit of Type IV. makes this type more 
generally useful than Type I., and it would 
completely replace this type of the effect 
of the A.C. losses in the leak could be made 
negligible. 

Regarding the leaky-grid voltmeter, Type 
II., we can only show it to advantage in 
cases where voltages below o.r volt have 
to be measured directly : no other type can 
be used at or below this voltage. But 
in order to make use of this extra sensitivity 
it is necessary to balance out the large steady 
current. For all other purposes this volt- 
meter is inferior to some other type. Its 
broken D.C. input circuit can be met with 
Types IV. or V.; its losses and wave form 
errors are much greater than for any other 
type, and its calibration is the least stable. 

The slide back voltmeters, Types III. and 
V., are useful where voltages of widely 
differing values have to be measured. A 
single calibration covers a range from O.I 
to 100 volts, and the calibration is much more 
stable than in any other type (in the sense 
that a given change in operating conditions 
affects its calibration least). Of the two 
slide back voltmeters, Type III. is preferable 
where the losses have to be kept down to 
the absolute minimum. However, these 
types have the very serious disadvantage 
of taking a comparatively long time to make 
a measurement, as the bias has first to be 
adjusted before the actual reading is taken. 
This disadvantage rules these types out as 
general purpose voltmeters. 

As the general purpose voltmeter we have 
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no hesitation in advising the reflex Type 
VI., with grid condenser and leak (Fig. 35). 
About 70 per cent. of its voltage scale can 
be made as linear as in a D.C. moving coil 
instrument, and the microamps per volt over 
this part of the scale may be adjusted to 
any desired value. Thus two such ranges, 
say from 25 to 5 volts, IO to 2 volts, 
together with a low range from .I to 2.5 
volts, would suffice for most purposes. 


APPENDIX. 


The A.C. calibration of any of the voltmeters 
described above is calculable from static character- 
istics. The calculated and observed values invari- 
abiy agree within the limits of error of the instru- 
ments used for the A.C. measurements. The more 
exact calculations are rather tedious, and only one 
example—applied to the Type I. voltmeter—will be 
given in detail, in order to illustrate the method. 

First the instantaneous values of the A.C. voltage 
are tabulated at, say, 10° intervals from go” to 270°, 
and the corresponding instantaneous values of the 
grid potentials are obtained by subtracting the 
steady negative bias from each reading. Then the 
anode current for each of these grid voltages is 
obtained from the static characteristic, which is 
assumed to be given. These currents are then 
integrated and the mean value is calculated. The 
result is one point on the calibration. 


TABLE Ia. 
| ' i 

Grid | Anode || Grid | Anode | Grid ; Anode | Grid | Anode 
volts. current | volts. current.| volts. current. | volts. current. 
+ 1.8 | 417.6 —Oo.I | 175.0 || —2.0 ' 34.1 | 3.9 2.18 
-- 1.7 | 403.8 —o.2 164.0 —2I 31.0 '—4.0 I? 
LI.6| 390.0 —0.3 152.6 —2.2 28.15 —4.1 3.3 
+1. 5| 376.3 f —o.4 | 142.0  —2.3 25.25 |—4.2 1.0 
+1.4] 362.5 |, —Oo.S | 132.5 —2.4 22.5 —4.3 0.7 
+1.3| 348.8 | —o.6 122.  —2.5 20.0 —4.4 0.55 
-$ 1.2 | 335-0 —O.7 | II4.0 —2.6 17.5 —4.$ 0.4 
Lr.I| 322.5 | —o.8 105.0 —2.7 15.5 —4.6 0.3 
4+1.0| 3100 | —0.9 , 97.0 | —2.8 13.5 —4.7 0.2 
+ 0.9} 295.0 | —1.0 | 89.0 —2.9 | 11.75 !'—4.8 O.I 
--o.8 | 283.0 —I. | 2.5 —3.0. " 10.0 [+9 0.0 
+0.7| 270.0 || —1.2 ' 76.0 —3.1 : 8.8 
EAG! 257.5 || =—r.3 69.5 |! —3.2 | 7.6 
-~HO.$ | 245.0 —I.4 63.0 || —3.3 6.5 | 

r0.4| 232.5  ——1.5 57:3 34 5.6 
+0.3! 220.0 || —1.6 | 51.6 | —3.5 4.75 | 
+0.2, 210.0 | —I.7 | 46.6 — 3.6 4.0 | 
+0.1} 200.0 || —I.8 | 41.6 | VES 7 l 3.93 

0.0 ' 186.0 || —1.9 | 37.8 [= | 


For the numerical example the static character- 
istic is given in Table IA. To simplify the calcula- 
tions a sine wave of applied E.M.F. was assumed 
with a peak value of 2 volts. The steady bias was 
taken as —3 volts. The instantaneous values e of 
the alternating input, for each 10° from go” to 270°, 
are shown in the second column of Table IIa. The 
instantaneous grid potential, eg. is given in this 
case by the expression eg=e—3. The anode 
currents (from Table IA) corresponding to these 
grid potentials are given in the last column of 
Table IIA. 
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A little consideration will show that the anode 
current wave from o° to go” is the same as from 
90° to 180°; and also the part from 180° to 270° is 
identical to that from 270° to 360°. Thus it is only 
necessary to tabulate values for the half cycle 
from go” to 270°, as is done in Table Ila. The 
average anode current /, read by a microammeter 
in the anode circuit is given by the expression 


Ta = 14 oo + Jaro) 
n— I 
in which 

I represents the sum of all the instantaneous 
anode currents. 

los, represents the anode current for the first 
reading at go”. 

las represents the anode current for the last 
reading at 270”. 

n represents the total number of readings 
(including the first and last reading). 


TABLE IIa. 

Angle FL | Anode 
(degrees) i ee=6—3 | current. 
go 2.000 | —I.00 89.0 
100 1.97 — 1.03 87.05 
110 1.88 —I.I2 ŜI.2 
120 1.932 | —t.27 71.45 
130 | 1.532 —I.47 59.0 
140 1.286 —I.7I 40.1 
150 1.00 —2.00 34.1 
160 0.684 —2.32 24.7 
170 0.347 —2.65 16.5 
180 o — 3.00 10.0 
190 —0.347 == 6.05 
200 —o. 084 — 3.08 3.40 
210 —I.00 — 4.00 1:7 
220 —1.286 —4.29 0.73 
230 —1.532 —4:33 0.37 
240 —1.732 —4-73 0.17 
250 — 1.88 —4.88 0.02 

260 —I.97 —4.97 o 
270 | —2.00 — 5.00 o 
TABLE IIIa. 
Anode current. 
Peak | 
volts Calculated | Very 
A.C. test. at 10° approximate 
intervals | calculation. 
o BE 10.0 | 10.0 
0.425 11.0 — 10.9 
0.85 13.0 — | 13.0 
1.0 14.0 14.2 13.9 
1.4 18.0 -— | 18.0 
2.0 27.0 27.06 | Yo Be 
2.77 44-0 = 45-1 
3.0 50.8 50.7 | 51.5 
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In this case J, the sum of all the currents in the 
last column of Table IIa, is 531.6. The value of 
la, + L279) = $(89 +0) =44.5, and 1=19. 

Thus 


I, = 531-044-5 Z 27064A. 
; = 27.06p 


In a similar manner the mean anode current was 


calculated for A.C. peak inputs of 1 and 3 volts. ` 


The results, together with the corresponding values 
from an A.C. test with a sine wave of applied 
voltage, are given in Table IIIa. In this test the 
supply was at 40 cycles; the H.T. 18 volts, and 
the steady bias —3 volts. An approximate calcu- 
lation giving results within 2 or 3 per cent. at every 
point may be rapidly obtained in a very simple 
manner, as follows :— 

From the static characteristic find the anode 
current corresponding to the following grid poten- 
tials :— 

(a) The steady bias. 

(6) The steady bias + peak value of the A.C. 
voltage. 

(c) The steady bias— peak value of the A.C. 
voltage. 


The mean anode current is then given approxi- 


mately by 
(a) , (b) + (0) 
2 a 4 
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For example, consider an A.C. of 1.4 volts peak; 
with bias —3 volts. Then from Table IA we have 


(a) for —3 volts the anode current is 1o. 
(b) for —3 + 1.4 = —I.6 volts the anode current 
iS 51.6. 
(c) for —3—1.4=—4.4 volts the anode current 
iS 0.55. 
The mean current is 


oer ae 5104055 — 18.04nA 
4 


2 


against an A.C. test value of I8.oxA. 


Other values calculated by this approximate 
method are given in the last column of Table IIIa. 


With reference to the article by Messrs. Medlam 
& Oschwald, we are asked by the Cambridge 
Instrument Co., Ltd., to state that they are the 
makers of the Moullin Thermionic Voltmeter. | 


We are also asked to state that they are the 
makers of the Duddell Oscillograph employed by 
Mr. Baggally in the experiments described in our 
October issue. 
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Mathematics for Wireless Amateurs. 


By F. M. Colebrook, B.Sc., A.C.G.I., D.I.C. 


[510 


(Continued from page 618 of October issue). 


6. (a) The Solution of Equations. 


HE solution of equations is a sort 
i of mathematical detective work. One 
is given a sufficiency of clues and 
instructed to find the body, as it were. 
More prosaically, equations are statements 
embodying information about certain un- 
the known numbers (usually represented by 
symbols x, y, or z) and various other known 
numbers (a, b, c, etc.), and from this informa- 
tion it is required to find what numbers are 
represented by the x, y, or z symbols. This 
is more generally expressed as finding the 
“values ” of the unknown numbers. The 
use of the word “ value ” in this connection 
is sanctioned by general practice, but one 
has only to speak of x being “ more valuable ”’ 
than y to realise that this special application 
of the term “ value” does violence to the 
ordinary meaning of the word, which is 
rather a pity. It is, however, a convenient 
word to use for the full algebraic significance 
of a symbol, t.e., magnitude and sign. 
The simplest equations are those in which 
only one unknown number, x, has to be 
determined, and these will first be considered. 


(A1) Equations for One Unknown Number. 


This subject is best approached as one 
might approach some new and unexplored 
city. Having first seen it as a whole from 
overlooking high ground, one enters and gets 
to know its main thoroughfares and as many 
of its byways as one has occasion to use. 

The meaning of the word “ function ” and 
of the notation 

y = f(x) 


was explained in the preceding section. 
It was shown that f(x) is a number the 
magnitude and sign of which depends in 
some specified manner on the value assigned 
tox. For instance the form of the function 
might be specified as 


y = f(x) = 3x2 + 5x +7 


The value of y for some particular value of 
x, 8 for instance, is written f(8), so that for 
this value of x 


y =f(8) = 3x8? +5 x8 +7 = 239 
In general, if f(x) is specified as 
y = f(x) = ax? +bx +c 


the value of y corresponding to some par- 
ticular numerical value of x, a for instance, 
would be 


y = f(a) = aa? +ba +c 


It was further shown that in general the 

relation between y and x where 

y= flx) 

could be exhibited graphically in the form 
of a picture drawn in accordance with certain 
agreed rules. The relation is shown in 
the form of a line which may be a straight 
line (see Fig. 8, October issue) but which 
will in general be a curved line which may 
assume an infinite variety of shapes accord- 
ing to the type of the function. (See for 
instance Fig. 9, October issue.) 

In most cases the curve representing the 
function will cut the axis of x (t.e., the line 
OX in Fig. 8). If it is a straight line it will 
cut it in one point only, but if it is a curved 
line it may cut it in several places or perhaps 
not at all. Thus for some assumed function 
y= F(x), the curve of which is as shown in 
Fig. 10, the axis of x is crossed at three 
points, the x co-ordinates of these points 
being, say, a, B, and y. For all points 
on the x axis, the y co-ordinate is zero, 
1.e., y=o. For all points at which the curve 
y=f(x) cuts the x axis, the value of x is 
such that 

y =f(x) =0 
Thus for the function y=F(x) shown in 


Fig. Io, 
F(a) = F(B) = Fly) =0 


Any value of x for which 


flx) =o 
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is called a “ root ” of the equation f(x)=0, 
so that a, B, and y are the roots of F(x) =o. 
(One would like to know why this curious 
name is used. The name “solution” can 
also be used, and is preferable in some 
respects.) 
Generally 
function 


speaking, for any specified 


x= fi») 


the value of y corresponding to any desired 
value of x can be determined by simple 
arithmetic. We are concerned now with 
the reverse process, t.e., given some par- 
ticular value of y, t.e., zero, to find the 
corresponding value or values of x. This 
mav be and usually is a rather more 
ditficult matter. One perfectly general 


Y 


Fig. Io. 


method is obvious from the above discussion, 
and was illustrated in the preceding section 
for the case of the function 


y=a'. 


The method is to draw the curve of the 
function and find the points at which it 
cuts the x axis. This, however, is likely 
to be laborious. Moreover, the accuracy 
of the solution will depend on one's skill in 
drawing, the sharpness of one's pencil, 
and various other non-mathematical factors. 
Nevertheless, it is in many cases the only 
available general method and one that is 
quite often used. Further consideration 
will be given to it later on, but for the present 
we shall be concerned with simpler and more 
accurate methods which can be applied to 
certain common types of equation. 
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(a2) The Linear Equation for One Unknown 


Number. 


The simplest kind of function is that.of 
which the picture is a straight line. (See 
Fig. 8, October issue.) All such functions 
can, by appropriate manipulation, be reduced 
to the form 

y=ax-rb. 


Corresponding to such functions is the 
linear equation 
ax+b=0 


the characteristic of which is that it con- 
tains only known numbers and the first 
power of the unknown number. As already 
explained, the solution of this equation is 
the x co-ordinate of the point in which the 
line 

v=ax+b 


cuts the x axis. Except in the case in which 
the line is parallel to the x axis (a case of 
no practical importance) 1t will alwavs cut 
the x axis at one point and one point only. 
Thus there is always one solution to the 
equation. Once the equation has been 
reduced to the standard form its solution 
is simple. Since the numbers ax+b and 0 
are equal, the addition of the number —b 
to each side will not disturb the equality, 
1.€., 


ax + b— b = o — b 
or ax = — b 


Notice that in effect the b is taken over to 
the other side of the equation, its sign being 
changed on the way. ln practice one 
speaks of taking the number or symbol 
over to the other side. Actually the process 
consists of the addition of the corresponding 
number or symbol with the sign reversed to 
each side of the equation. Since the numbers 
ax and —b are equal, the division of each 
by a will leave the resulting numbers or 
fractions equal, t.e., 


ax/a = —b/a 
or x = —b/a 
Thus x=—b/a is the solution of the equation 


ax+b=o, and the whole art of solving a 
simple linear equation consists of reducing 
it to the standard form, after which its 
solution can be written down at once. For 
instance, given 


4(3%—8)=7 + 41 
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then I21—32=7 --4x 
and taking the 7 and 4x over to the left 
= 12x — 41327 =0 
8x — 39 =0 
and comparing this with 
ax +b=0 
the solution is seen to be 
x = 39/8 = 45 
_ Taking a rather more difficult example :— 
2 3 
5x +7 8x+2 
Multiply each equal fraction by the number 
(5x+7) (8x+2). Then 
2(5x + 7) (8x +2) _ 3(5x + 7) (8x + 2) 
(5x + 7) (8x + 2) 
and cancelling out the common factors in 


the numerator and denommator of each 
fraction (see para. E2, p. 495, August issue) 


2(8x + 2) = 3(5x + 7) 
from which point the solution proceeds 
exactly as in the first example. 


Notice that in general, if 
alb = c|d 
ad = be 
This is known as “cross multiplication,” 


but it really consists of multiplying each : 


equal fraction by the number bd. 

This is all that need be said about the 
simple linear equation. Ne perfectly general 
rules can be laid down for the reduction to 
the form 

ax +b=0 
but a little common sense and ingenuity 
are all that is required. 


(43) The Quadratic Equation. 


Next in order of complexity to the linear 
equation comes the quadratic equation, 
in which the unknown quantity appears in 
the second power as well as the first. The 
general type of this equation is 

ax? + bx +c =0 
corresponding to the function 

y =ax? +bx +c. 
The reader is recommended to plot out 
roughly some such function, e.g., 


y= 2x2 — 5x + 2. 
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It will be found that in every case the curve 
obtamed will resemble one or other of the 
two curves shown in Fig. II. Such curves are 
called parabolic and are of great importance 
in geometry and in applied science. The 
equation | 

ax? Lbxhc=o 


is sometimes called parabolic also, but the 
other name is more generally used. 

„One general characteristic of this sort of 
equation appears at once from the picture 
of the typical parabolic function. The 
curve of such a function will either cut the 
x axis in two points or not at all. This 
means that a quadratic equation will either . 
have two real roots or no real roots at all. 


Fig. 11. 


As in the general case one method of 
solving such an equation would be to plot 
the curve of the function 


y =ax? +bx +c 


and find where it cut the x axis, but 
fortunately there are in this case simpler 
and more accurate methods available. 

The easiest method is one for which the 
way was prepared in paras. D2 and D3 
of Section 3 (p. 449 of July issue). The 
multiplication of any two numbers (x—a) 
and (x— B) gives 


(Xa) (x— B) = x*—(a + B)x +aB 


Now suppose the numbers a and £ are such 
that 


a +B = —b/a 
aß =c/a 


Then = b c 
(x—a) (x—B) =a poa p“ 
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and multiplying each of these equal numbers 
by a gives 


a(x—a) (r—B) = ax? + 2: -+ = 


s 


= ax? + bx +c. 
If therefore we can find two numbers a and 
B such that 
a--B= — b/a 
aB=c/a 
then 


a(x — a) (x — B) =ax?+bx+c=0 
Now there are two values of x for which 
a(x—a) (x— )=0. The first is a for 
putting x =a, 

a(x—a) (x — 8)=a(a — o) (a — B) 

=a Xx 0 X (a — B) 
= 0 
and in a similar manner putting x = B will 
also make the number zero. Therefore 
a and £ are the solutions or roots of | 
ax? + bx +c =0. 
For example 


3x2 + 54x + 96 = 0. 


Here — b/a = — IS 

c/a = 32 
Also (—2)+(— 10) =— I8 
and (— 2) x (— 10) = 2 
so that =» 
and B = — 10 


will satisfy the condition 
a+Bp=—b/a=—18 
ap =C/a=) 32. 
Therefore the roots of this equation are 
— 2 and — 16, and 


3X? + 54% + 96 = 3(x? + 18% + 32) 
= 3{x — ( — 2)} {x — (— 16)} 
= 3(x + 2) (x + 16). 

This, however, is inspired guesswork, 
and inspiration is notoriously erratic and 
capricious. For everyday purposes we need 
something more certain, a method which, 
though neither as speedy nor as exhilarating 
as the flying leap, can always be relied upon 
to get there. However the equation is 
solved, whether by flving or walking, the 
solution will be the same, so that the roots 
of the equation are a and $ where 


a --B= —b/a 
aß =c/a. 
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If a and B cannot be guessed from these 
clues, is there any other way? Yes, there 
is another way, depending on a trick which 
is well worth learning for other purposes 
also. Since 


a + B === b;a 

the squares of these equal numbers will also 
be equal, t.e., 

(a +)? = a? + 2aß + p? = b?/a? 
Also 4aB = 4c/a. 
Since these pairs of numbers are equal, the 
differences between the pairs will be equal, 
i.e., 


a? + 2aß + B? — 4af = b2/a? — 4c/a 


1.6. a? — 2a ß + B? = b?’a? — 4ac/a? 
= (b? — 4ac)/a?. 

But a? — 2af + B? = (a — f)? 

Therefore (a — B)? = (b? — 4ac)/a? 


and since these numbers are equal their 
square roots will also be equal, 


a — B= y (b? — 4ac)/a? 
= 1/(b2 — 4ac)/a 
Now we know both the sum and difference 


of a and 8, and from these both can be 
determined, for if 


a + B = — b'a 
a — B =y (b? — 4ac)/a 


the addition of these pairs of equal numbers 
will give 


1.6., 


and 


(a +B) --(a —B)=:2a= —b a +4 (b? — 4ac)/a 
= b+4/ b? = sac 
= = 
Therefore 
a= b +y b?—4ac 
2a 


The subtraction of the pairs gives 


(a + P) — (a — 8) = LL 
= a 2 = 
(a+B) —a+B=2p = = I-V gao 
Therefore 
ag. =D-V H — gao 
= 2a 


Thus the roots of ax2-+-bx +c =o area and $, 
where these numbers have the values given 
above in terms of the known numbers, 
a,b,andc. 
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Writing it out in full 


= Jie. ia; 
axt-pbx-bo=al x — | go us = 
== Eg 
` 2a 


For brevity, the two roots are usually com- 
bined into one expression by writing 


—b-- /b8—g4ac 
2a 


= 

Which means that 
x=(—b--1/b2— 4ac)/2a 
—b— y b2? — 4ac)/2a 


are the solutions of the equation. The 
reader is recommended to confirm the fact 
that the sum of these roots is —b;'a and their 
product c/a. 


and 


As an example, suppose 
6x2 + 5.4x— 19.32 = 0 


i.e., a=6 
b = 5.4 
p c = — 109.32 
b? = 29.16 
44c = — 463.68 


b2 — 4ac = 492.82 
4/ b? — 4ac = 22.2. 
Therefore the roots are 
= (—5.4 + 22.2)/12 = 1.4 
= (— 5.4— 22.2) /12 = — 2.3 


and it can be confirmed by actual multi- 
plication that 

6x? + 5.4% — 19.32 = 6 (x —1.4) (x + 2.3) 

It was stated above that in certain cases 
the equation would have no real roots at 
all. If the general solution given above is 
really general, this fact should be implicit 
in it; and so it is, for the roots contain 
the term 1/b?—4ac, and this will not always 
exist as a real number. Suppose a and c 
are of the same sign so that —4ac isa negative 
number. Then, if 4ac is greater than b 
numerically, 62—4ac will be negative, and 
62—4ac will be “imaginary.” (See p. 563 
September issue). Under these conditions 
there will be no real roots to the equation. 
For instance 

2X2—4X LI =O 
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has no real solutions for 
b? — qac == 16 — 116 = — 100 


and 4/62 — 4ac = 1/— 100 = I0—I 


Subject to finding some interpretation 
for ~/—1 the roots can be left in the form 
(4+ 1O/—1)/58, i.e., (2/29) + (54/ —1/29) 
and (2/29)— (54/ —1/20). It ASA be noted 
and confirmed by actual multiplication and 
addition that though these are “ complex 
numbers,” 1.e., numbers consisting of two 
parts one of which is imaginary, their 
product and sum are real, being respectively 
1/29 and 4/29. 

For the solution of a quadratic equation, 
therefore, it is only necessary to reduce it 
to the form 

ax?+bxtc=0 


and the roots can then be found either 
by guesswork or by means of the formula: 
The roots of the equation are the numbers 
—b--1/b2—4ac)/2a. (Whether these num- 
bers are real or complex or imaginary, they 
are still called the roots of the equation.) 
As in the case of the linear equation, 
however, some little ingenuity may be 
required for the reduction of any given 
equation to the standard form, but this 
is only a matter of practice and experience. 


-To take an example, suppose 


3(x + 10) = I/(I +2). 
Multiplying each equal number by (1+ 2) 


gives 
3(% + 10)(1+ x)= (1+ x)/(1+ x) 


1.€., 3(x2-+ 11x+ 10) =1 
or 3x2-+ 33x + 29 = 0. 
Again, 


(x +i) kal +ž)= —16. 


Multiplving each equal number by x and 
rearranging the terms will give 

7x2? + 19x +10=0 
and a practised eye would see the roots of 
this to be —5/7 and —2. 


(a4) Equations Reducible to Quadratics. 


Before leaving the subject of quadratic 
equations it will be well to point out that 
an equation that looks forbidding and 
unapproachable at first sight may prove 
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on closer inspection to be quadratic, not in 
x, but in some simple function of x. An 
equation 
ay? + by +c=0 
can be solved for y, whatever the nature of 
y may be. If the roots are a and f then 
y=a or y—a=0 
and 
y=B or y—B=0 
will satisfy the original equation. 


If, now, y is some function of x, say f(x), 
then these become 


f(x) —a=0 
f(x) —B=0 


two further equations in x, which may or 
may not be solvable but which will in any 
case be more manageable than the original 
equation in x. To take a very simple 
example :— 

axt + bx? +c =o. 
This can be written 

a(x?)2 +b (x2) +c =0 

or, writing y for the function x2 

ay? +by +c =0 


If the roots of this equation are a and 8, 
then the original equation is satisfied by 


and 


y—a=0 
and y-B=o 
4.€., 12-a = 0 
and 1x2—B=O0 


The factors of the first are 


(x— Va) (x +a) =0 


and of the second 
(x—+/B) (x+/B)=0 


so that the four roots x =++/a and ++/8 
will satisfy the original equation. Notice 
that the linear equation containing the first 
power of x was found to have one root. The 
quadratic, containing the second power of x, 
was found to have two roots. 
equation, containing the fourth power, has 
four roots. This suggests, but does not 
of course prove, that an equation containing 
the „th power of x will have n roots. This 
is so in fact and will be proved later. 

The recognition of the quadratic form will 
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not be always so simple as in the above 
example. Take, for instance, 


2 I As 
x LO? ukun abo 4 
This can be written 
I / I; NA 
ee + (re)-e-o 


o la ee) 


so that the equation is really 


(241) +(x 11)-6=o 


/ 


Now 


and writing y for (x--1/x), this becomes 


y? +ty—b=0 
of which the solutions can be seen to be 
y+3=0 
and 
y—2=0 
1.€., 
(x + s) +3=0 
x 
and 
/ IN 
| — 2 = 
v Eu 2=0 


The multiplication of each side of each 
equation by x will convert these into two 
simple quadratics in x which can then be 
solved for x in the ordinary manner. Here 
again it is the insight born of practice and 
experience that sees the essential simplicity 
at the heart of the apparent complexity. 


(A5) The General Equation of the nth Degree. 


Having disposed of the linear equation 
and the quadratic equation, the next in 
order is the cubic, which contains up to the 
third power of x or, another way of saying 
the same thing, is of the third degree in x. 
The typical equation is 

ax + bx? +cx +d = 0. 
Then comes the quartic, t.e., 
axt t+ bx3+cx2? +dx+e=0 
and so on indefinitely. 


Unfortunately, however, there are no 
general solutions for these equations. This 
is specially unfortunate from the point of 
view of electrical theory, for the analysis 
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of the behaviour of two coupled circuits 
involves a quartic, or as it is sometimes 
called, a bi-quadratic equation, and for 
this reason practically all textbooks fight 
shy of it, confining the full discussion to 
the simpler case of resistanceless circuits, 
when the bi-quadratic becomes a quadratic 
in x2. 

Although there are as stated no perfectly 
general solutions for equations of higher 
degree than the second, such cases are by 
no means hopeless. Certain form of higher 
degree equation can be solved. (Two bi- 
quadratics were solved in the preceding 
paragraph.) Also there are certain general 
considerations 1elating to equations of anv 
degree which will sometimes point the wav 
to a solution, and which are intrinsically 
interesting and useful apart from this 
application. We will therefore discuss briefly 
the general equation of the nth degree, 
typified by 
ax" Lbxil +cex™2 4 dx" 3 Lex" + etc., ete. 

+k=0. 


Example. — Equations for One Unknown 
Quantity. 
1. Solve the equations : — 
(a) 3(¥ + 27) = 2(x + 4) -+ 7(x—9) 


b) 2 5 
x ra. Ge I) ee 3) si 

(c) axb = cx hd 

(d) m n 


ax +b = cx+d 
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2. Find where the line 


| y = 3, FH4 
cuts the axis of x. 


Find the co-ordinates of the points on this line 
for which y= —5andy=4 
3. Solve by inspection the equations :— 
(a) x2?—5x+6=0 
(b) *#2+5*%+6=0 
(c) x2—x—6=0 
(d) x2+%*—6=0 


4. Solve the equations :— 


I I 
a Pii nave) 
I I 
(b) (¥ — 5) (x —2) (2—2) 
(c) x2—-2ax + a?— b? = 0 


(d) x2— 2bx + b?—a®=0 


5. Solve the equation 
s(t) +2 147)=o 


(Convert to an equation in # + 1/%) 


6. Solve the equations :— 
(a) (x?— 4) (¥®— 5x +4) =0 
(b) (*—a) (x —b) (x¥—c) (x —d) (x — e) =0 
(cì) (ax? + bx +c) (da? + ex +f) = 0. 
Erratum. 
In Examples, p. 618, October issue, for 
1 -xin Examp'e No. 5 read 1 4- leg x. 


(To be continued.) 
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Recent Developments in Short-Wave Wireless 
Telegraphy. 


By H. Rukop (R401 
(Telefunken Company). 


(Concluded from page 612 of October issue.) 


III. —Nauen-Buenos Aires Transmitting 
Experiments. 

y | “HE Telefunken Company, directly news 
was received regarding the striking 
results that had been obtained with short 

wavelengths, directed its whole attention to 

this important fact and forthwith decided to 
carry out with all speed a trial transmission 
from Nauen to Buenos Aires, where long- 
wave transmission, in spite of the employ- 
ment of the most powerful electric equip- 
ment, had shown itself to be unreliable. 
The experimental apparatus for short- 
wave transmission will probably be generally 
known, so that I need not describe it very 
minutely. It is obvious that the valve 
transmitter was the only one suitable for 
the purpose, and I do not believe that serious 
results could now be anticipated from any 
other type. If it is desired to use large 
outputs, special valves are generally re- 
quired which, in the first place, must not 
contain in their connecting leads any con- 
siderable self-induction, and, secondlv, are 
arranged for the heavy load which results 
from the capacity charging current of the 
electrodes, the sealed leading-in wires being 
dimensioned for currents up to about 20A. 

Such special valves for short waves are 

shown in Figs. 4 and 5. Fig. 4 represents a 

valve in a glass bulb for a high-frequency 

output of about 1.5kW with 4,000 volts 
anode direct current voltage, which works 
excellently for waves down to IO metres. 

Fig. 5 shows types of valves with water- 

cooled anode, which generally give outputs 

of 10 and 20kW high frequency, but which 
in the special short-wave construction are 
to be reckoned at about 6-8 and 12-16kW. 

The first short-wave transmitter, which 
we manufactured for the contemplated large 
scale series of experiments, is shown in 

Fig.6. This shows in parallel the two valves 


of the glass bulb type represented in Fig. 4. 
They are worked in self-excitation and are 
fed on the cathode side by an accumulator 
battery, and on the anode circuit by a 
4,000 volt direct current dynamo. Special 
precautionary measures had to be taken 
to keep the frequency of the transmitter 
sufficiently constant, so that a pure trans- 
mitted note could be received in Buenos 
Aires. This method, namely, to transmit 


Fig. 4. Short-wwave transmitting valve for about 
1.5AW. 
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unmodulated undamped waves with a fre- 
quency of the greatest possible constancy 
and to-receive with heterodyne and pure 
note, was found to be superior to all others 
for receiving conditions in Buenos Aires. 
The transmitter, which originally had the 
call signal POX, and became leter AGA, 
was housed in a very provisional hut 
(Fig.7). The very excellent working of this 
transmitter was quite unexpected. The fact 


(a) (b) 


Fig. 5. Water-cooled valves. 


is, however, that even on the first day of its 
working, it was received in Buenos Aires. 
It worked at that time with a perpendicular 
single-wire aerial about 100 metres high, 
which was supported by a rope extended 
between two high masts of the Nauen long- 
wave aerial. 

Of course a merely make-shift trans- 
mitter did not meet our requirements, as in 
the first place it had at once to undertake 
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(a and b) Transmitting valves. 
with two grid terminals. 
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the telegram traffic and, moreover, we could 
not effect by its means the experimental 
variations we desired to make in the trans- 
mission to Buenos Aires. We therefore 
constructed forthwith a second transmitter 
of approximately the same dimensions, and 
this was made specially light and transport- 
able, so that its location could be changed 
with the greatest possible speed. This 
transmitting station, which was given the 


(c) (d) 


(c) Short-wave transmitting valve 
(d) Rectifier. 


call signal POF, consists of two vehicles 
(Fig. 8), one of which, a motor lorry, contains 
the machines and other sources of power, and 
the other, a furniture van of small type, the 
high-frequency part of the transmitter. 
This latter can be seen separately in Fig. 9. 
Fig. 8 shows the whole transmitter erected 
in the grounds of the long-wave station at 
Nauen. In the background can be seen the 
large machine transmitter house of the 
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Transradio Company. The POF transmitter 
was able, on the one hand, to work on an 
aerial similar to that of the AGA transmitter, 
namely, a perpendicular wire of about 
I00 metres in height, on the other hand it 
had, as shown in Fig. 8, a special wooden 
mast about 20 metres in height, with a 
perpendicular copper tube aerial, which was 
generally excited in its third harmonic, but 
often, however, was shortened to 5-6 
metres for the purpose of working at a 
quarter wavelength. Fig. Io shows the 
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obtain up to about 16kW high frequency 
in the aerial. It contained (see Fig. 11) one 
or two water-cooled valves of the types 
shown in Fig. 5 and for a long time was 
installed in the large machine transmitter 
building of the Transradio Company, until 
it was finally removed from there to another 
small building, because the vibration of the 
building, in consequence of the machines, 
exercised a harmful influence on the purity 
of the oscillations emitted by the set, with 
the result that the oscillations continually 
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Fig. 8. Transportable short-wave transmitter POF. 


POF transmitter after being removed to a 
small hill 20 km. distant from Nauen ; the 
aerial is being erected. 

Furthermore, a third transmitter with the 
call signal POY was occasionally used, and 
this in its electrical construction was exactly 
like the transmitters AGA and POF, but 
was erected in the big machine transmitter 
building of the Transradio Company. Whilst 
these three transmitters generally gave 2, or 
at the maximum 3kW in the aerial, a fourth 
transmitter with the call signal POW was 
installed, and by this it was possible to 


underwent a small modulation, which ren- 
dered the heterodyne note impure at the 
point of reception and thus made the station 
less suitable for reception at Buenos Aires, 
which is, as is known, a region subject to 
unpleasant atmospheric disturbances. At 
the place to which the station was removed. 
the interference caused by vibration was 
eliminated to a large extent, so that the 
heterodyne note became quite pure. 

The wavelengths with which the individual 
transmitters worked were originally about 
70 metres, but, after the first trials, they 
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TTT 


Fig. 9. Short-wave transmitter POF. 


were very soon lowered in big jumps. Long 
experimental and working periods were 
carried out on wavelengths of 40 metres, 
25-28 metres, 16-19 metres. At this juncture 
trials were also made on wavelengths as 
low as 13 metres. It was very soon found 
that from the standpoint of atmospheric 
interference, reception at Buenos Aires was 
effected very much more favourably on waves 
of 16-25 metres than with those of about 70 
metres the relative intensity of atmospheric 
interference being in the ratio of about I: IO. 

A series of separate trial and traffic results 
will now be shown in curves and definite 
conclusions, as far as they can be deduced 


from the various material available, will be 
given below. 

Fig. 12 gives, first of all, by way of 
example, a typical picture of the effects of 
fading. The intensity curve represents the 
reception results obtained at the Geltow 
receiving station (belonging to Nauen) from 
transmissions effected by a foreign short- 
wave transmitting station over 1,000 km. 
distant, the period of time represented being 
about 4 minutes. The average constant 
intensity of reception and likewise the sharp 
and deep drops which are characterised as 
“ fading ” can here be recognised. 

There now follows a series of intensity 


Fig. 10. Short-wave transmitter POF. 
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curves which were taken chiefly in Buenos 
Aires (12,000 km.), some also at Bandoeng, 


Java (11,000km.) and at Osaka, Japan- 


(9,000 km.) and which have been com- 
municated to us in due course. The results 
are shown in relation to the times of the 
day, as may be seen, for example, in Fig. 13, 
both at the place of transmission and of 
reception. In Fig. 13 the ordinates are 
indicative of the signal strength measured on 
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time differ from each other by five hours, 
and that Buenos Aires time, corresponding to 


‘its westerly situation, is behind the former. 


The shaded region in Fig. 13 and in many of 
the following ones indicates night at the 


relative points on the Nauen-Buenos Aires 


route. If therefore a perpendicular line 
runs between the axes of the Central Euro- 
pean and the Buenos Aires times completely 
through the shaded region, this means that 


Fig. 11. Short-wave transmitter POW with two water-cooled valves. 


an arbitrary scale, the abscissg indicate the 
times, both the Central European time 
(upper scale) and the Buenos Aires time 
(lower scale) being shown. The region lying 
between these two abscissa axes, each of 
Which corresponds to a place, indicates the 
route between Nauen and Buenos Aires and 
is to be regarded as linearly divided. A 
perpendicular line through the two axes of 
time therefore indicates objective simul- 
taneity, and from this it will be seen that 
Central European time and Buenos Aires 


on the whole route between Nauen and 
Buenos Aires it is night at that time. The 
left oblique limiting line of the shaded region 
consequently indicates sunset, and the right 
hand line sunrise. 

The two intensity curves shown in Fig. 13 
show a very striking result, which recurs in 
many curves of our series of experiments, 
but by no means in all. They are therefcre 
a definite and frequent type and show that 
at times of complete daylight over the whole 
route nothing was to be heard and that the 
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first signals were heard in Buenos Aires 
when half of the route from Nauen to Buenos 
Aires was dark after sunset, that the intensiy 
then increased as darkness came on, remained 
fairly constant during complete darkness, 
and later on diminished and completely 
disappeared when half the route to Buenos 
Aires was in daylight after sunrise. One 


INTENSITY 


o 
10 30 50|10 30 50|10 30 50| 10 30 50| 10 


1144 11-45 11-46 11:47 11-48 
MINUTES 
Fig. 12. Example of veception, disturbed by 


fading effect. 


must, of course, bear in mind in this con- 
nection that the intensity did not remain at 
an entirely constant level, as is shown in 
the curves in Fig. 13, but diminished at 
times in consequence of the fading effect 
previously described. 

Of the two curves shown in Fig. 13, the 
heavily drawn line indicates the intensity of 
the AGA transmitter, which worked on a 
wave of 26 metres and with an output of 2kW, 
and the dotted line indicates the intensity of 
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Fig. 13. 


the POY transmitter, which worked simul- 
taneously with AGA and transmitted on a 
wave of 40 metres with an output of 2kW. 
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The radiated output should in both cases 
have been the same, since with such high 
aerials and such short waves the degree of 
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Example of receiving results, 
Nauen~Bandoeng. 


Fig. 14. 


radiation efficiency is extraordinarily high. 
Nevertheless, the difference in the intensities 
is very considerable, as the intensity of the 
26-metre wave is about four times as great 
as that of the 40-metre wave—a fact which 
has almost always revealed itself to us when 
transmitting over so great distances. 

A further interesting example of these 
circumstances is shown in Fig. 14, which 
shows intensity curves taken at Bandoeng 
(Java). The times of favourable trans- 
mission are here almost the same as in 
Fig. 13, namely, from the time of semi- 
daylight in the evening until semi-daylight 
in the morning. The differences in intensity 
between the 40-metre wave and the 26-metre 
wave are not as large as in Buenos Aires, but 
they are nevertheless clearly perceptible. 
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Fig. 15. Results of a three days’ transmission 
experiment, Nauen~Osaka (Japan). 


Of great interest are the similar conditions 
shown in Fig. 15, which shows intensity 
curves which were taken at Osaka (Japan) 
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during an uninterrupted period of trans- 
mission lasting three days. In this case 
POX was transmitting on 26 metres and 


with 2kKW, and POW was transmitting 
10 
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Fig. 16. Example of receiving results, 


Nauen-Bandoeng. 


simultaneously on 42 metres and with about 
8kW. It is again shown, first of all, that 
only at the time of complete darkness was 
good reception obtained. Furthermore, the 
intensity of the 42-metre wave, notwith- 
standing the considerably higher output 
radiated, is almost equal, on the one hand, 
to that of 26 metres, but, on the other 
hand, it is clearly seen that in the morning 
and in the evening the telegraphing period 
with' the 42-metre wave is from 1 to 2 hours 
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shorter, z.e., that the superiority of the 
20-metre wave is here very great. 

There are, however, very great deviations 
from these transmission results, which for a 
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long time we were inclined to regard as 
normal. A type of deviation is shown in 
Fig.16: this is a transmission from Nauen to 
Java on a wavelength of 20 metres. In this 
case the favourable transmitting time does 
not extend from the semi-daylight in the 
evening until semi-daylight in the early 
morning, but begins as early as the after- 
noon in complete daylight over the whole 
distance and ends in a remarkable wav at 
night when there is complete darkness over 
the whole route. We were unable to dis- 
cern any system in these deviations. 

A deviation similar in principle, but in 
another direction is shown in Fig. 17; this 
is a curve taken at Geltow, near Nauen, from 
the transmissions of a North American short- 
wave station working on a wavelength of 
43 metres. Here, the transmission only 
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Fig. 18. Example of receiving results, 


Nauen-Buenos Aires. 


begins with complete darkness on the entire 
route, but ends with semi-daylight at sunrise. 

A further type of deviation, which, how- 
ever, is not specially striking, is seen in 
Fig. 18. In this case, both the commence- 
ment and the end of the transmission, as in 
very many Cases, coincide with semi-daylight 
in the evening and in the morning. Never- 
theless, before the end of transmission, 
namely, at the time when the sun first rises 
on the route, which in this case was at Nauen, 
the place of transmission, the signal strength 
declined greatly, but increased once again 
considerably before finally dying out. We 
have experienced a certain number of results 
of this type also. Fig. IS is of interest, since, 
in this case, both the AGA and POF trans- 
mitters used two very close wavelengths, 
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namely, of 26 and 25.8 metres. No remark- 
able differences were, however, found in the 
quality of transmission. 

On the basis of the results shown hitherto, 
one could easily have taken the view that 
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transmission would only be possible at night, 
or, In any case, would require during the 
daytime so enormous an increase of output 
that in practice it would hardly be possible 
to attain it. Nevertheless, by numerous 
series of experiments with different wave- 
lengths down to 13 metres, we have found 
that there is no general decisive law. 
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Fig. 20. 


Some interesting results of day transmis- 
sions are shown in Figs. 19, 20 and 21. In 
Fig. 19 it is a question of two transmitters 
working simultaneously throughout the day, 
namely, AGA on a wave of 26 metres and 
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POF on a wave of 18 metres. The POF trans- 
mitter was erected on this occasion on a small 
hill, 20 km. distant from Nauen. Here the 
remarkable result obtained was that the 
26-metre wave could also be heard at the 
usual time from semi-daylight in the evening 
until semi-daylight in the morning. On the 
contrary, the 18-metre wave revealed an 
entirely different behaviour, in that it was 
audible throughout the whole day and only 
died out for a few hours during the time of 
complete darkness. The same POF trans- 
mitter, at the same place and on the same 
wave, gave a still better result on another 
day (see Fig. 20). It was in fact audible 
throughout the whole day, even during the 
time of cessation during complete darkness, 
shown in Fig. 19, and even attained its 
maximum intensity at this time and only 
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Fig. 21. 


towards sunset and also before sunrise 
showed a short but considerable diminution 
of intensity. Unfortunately, however, such 
results cannot be obtained every day and on 
one of the succeeding days a result was 
obtained as represented in Fig. 21, t.e., 
adequate transmission occurred from evening 
until moming and, likewise, during complete 
daylight for about three hours during the 
moming. In any case, it would appear that 
for transmission to Buenos Aires at least, the 
most favourable conditions result from wave- 
lengths between 18 and 28 metres, and that 
at certain times the waves round about 
18 metres are the best. Numerous attempts 
were made with still shorter waves, and 
good results were occasionally obtained with 
I6 metres, but, in the majority of cases, 
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the results were bad, and nothing or almost 
nothing was heard in Buenos Aires or Java. 
With a wavelength of 13 metres signals 
could, in fact, be perceived at Buenos Aires, 
but the intensity was nothing like adequate 
for the handling of telegraphic traffic. 

This result, namely, that when the wave- 
length is reduced to about 15 metres 
transmission suddenly becomes perceptibly 
worse, coincides very remarkably with a 
curve showing the silent zones, which is 
to be found in the above-mentioned paper 
of A. H. Taylor and E. O. Hulbert’. In 
this, the authors show, on the basis of 
observations and extrapolated assumptions, 
that the silent zones become extremely 
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Fig. 22. Short-wave telegram traffic, Nauen- 
Buenos Aires from April to October, 1925. 


broad in the region of 10 metres, and 
that a return of the energy from the atmos- 
phere no longer takes place. Whether the 
results which we have obtained with waves 
in this region are a confirmation of the curve, 
I should not like to affirm at present, as the 
results are not sufficiently numerous and are 
not represented so systematically that one 
could speak of an actual confirmation. 

By a suitable searching for wavelengths, 
by transmitting with several transmitters at 
the same time, and by using the most favour- 
able hours of the day, etc., we finally suc- 
ceeded in establishing an almost completely 
reliable night service with Buenos Aires, 
which was used throughout by the Trans- 
radio Company. Fig. 22 gives a very 


690 


EXPERIMENTAL WIRELESS & 


interesting idea of this; the increase of the 
telegrams transmitted since the short-wave 
transmitters were brought into operation 
can clearly be seen. The traffic worked with 
so great a reliability that on several days 
Nauen was the only station in Europe and 
North America which could get telegrams 
over to Buenos Aires, so that Tiansradio 
had often to undertake the traffic of other 
transmitting stations in Europe and North 
America, which it did successfully. It can 
be said, therefore, that in spite of relatively 
provisional means when short-wave trans- 
mitters were introduced, extraordinarily suc- 
cessful results have been obtained, thanks 
to frequent variations in the trial conditions 
and the indefatigable efforts expended upon 
them. 

It will likewise be of interest to point out 
that in a large number of aerial trials, in 
Which the linear aerial was sometimes 
perpendicular, sometimes oblique, and 
sometimes even horizontal, we were never 
able to ascertain any conclusive influence 
of the aerial length from 4/4 (about 
5 metres) to an aerial 125 metres long 
excited in high harmonics. With a tiny aerial 
of a total height of 5 metres and a 2kW 
transmitter, the most astonishing trans- 
mission results (12,000 km.) were obtained at 
certain hours of the day. It will nevertheless 
be seen from these results that transmitters 
of 2kW are in general too weak for a reliable 
traffic and that transmitters of 20kW up to 
perhaps 50kW must, for reasons of reliability, 
be regarded as normal, especially if it is 
desired to extend the traffic for several hours 
in the morning and evening, or in fact 
throughout the whole day. 


IV.—Conclusion. 


It will probably be clear to any technical 
man that it 1s of extraordinary importance 
to be able to state which are the most 
favourable wavelengths at any time and from 
any place in the world to any other place, 
and whether and how they vary in the 
course of the day and with the time of the 
year, and in what way they are dependent 
upon atmospheric and other geophysical 
condition. There is, however, certainly 
no doubt that the condition of ionisation 
of the atmosphere must exercise the 
greatest influence on the whole course 
of the route of transmission, and that 
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such influence might, in turn, be dependent 
upon certain contingencies outside the earth, 
as, for example, the incoming of electrons 
from the sun-spots, etc. But even if one 
does not wish to invoke reasons lying outside 
the earth, we have on the earth itself so 
enormous a number of variables that it 
would probably be a herculean task to 
assemble them systematically for a complete 
solution of the problem of transmission. If, 
therefore, I were asked to draw any con- 
clusions at all from the material set forth 
above, I should have to say that it 
was not possible to do so. It can safely 
be affirmed that with all the results we 
obtained, waves of 40 metres and under 
showed themselves to be considerably 
superior to waves between 40 metres and 
100 metres and that a clear optimum between 
26 and 18 metres can be recognised. In 
any case it must be stated that the optimum 
cannot in this case be ascribed purely to 
the propagation of short waves, but that 
there is the further favourable circumstance 
that atmospheric interference has very little 
effect upon the reception of such short 
waves. 

In order to be able to state which are the 
favourable day waves and which the favour- 
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able night waves, the various results are 
not sufficiently conclusive and consistent, 
although one would at times be greatly 
inclined to regard as general a result that 
recurred many times. In any case I should 
prefer to confine myself to communicating 
the results to all, for their knowledge and 
use, without drawing any useless or pre- 
mature conclusions. The experiments will 
be actively pursued by us. My colleague, 
Dr. A. Meissner, is especially engaged in 
investigating the influence of some reflector 
arrangements and of the position of the 
electric vector. He will himself make state- 
ments regarding them in due course. 

In conclusion, I should like to point out 
that a large number of persons from the 
laboratories of the Telefunken Company are 
taking part in the solution of these prob- 
lems and by their industry and their devotion 
to the subject have made possible the com- 
munication of these results. 

I should like to thank especially, in the 
name of the two Companies above mentioned, 
those stationed at the foreign receiving 
stations in Argentina, Japan and Java, who 
have supported us so kindly and effectively 
in this difficult and trying series of 
experiments. 
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The Relative Values of Long and Short: Waves 


in Wireless Communication. 


[R040 


A Discussion before the Radio Society of Great Britain. 


held the first meeting of its 1926-27 
session at the Institution of Electrical 
Engineers, Savoy Place, London, W.C.2, on 
Wednesday, 22nd September, when Dr. 
W. H. Eccles opened a discussion on “ The 
Relative Values of Long and Short Waves 
in Wireless Communication and their Future 
Possibilities” Brigadier-General Sir H. 
Capel Holden, K.C.B., F.R.S., presided. 
The CHAIRMAN, opening the proceedings, 
said: Ladies and Gentlemen, it seems to be 
hardly necessary for me to introduce Dr. 
Eccles to you, but I can, I am sure, on my 
own behalf and on yours, welcome him very 
heartily. He is going to start a discussion 
to-night on a subject which at the present 
time is a very Important one, and he has 
entitled it: “The Relative Values of Long 
and Short Waves in Wireless Communication, 
and their Future Possibilities.” I will now 
call upon him to commence. 


Te Radio Society of Great Britain 


DISCUSSION. 


Dr. Eceles: I hope you will permit me first to 
read a letter from Sir Oliver Lodge, our President, 
regretting that he is not able to be with us to-night. 
He writes :— 

“I wish I could attend your discussion of the 
relative advantages of long and short waves, at 
the meeting of the Radio Society to-morrow. 
I feel as if the tremendous radiating power 
conferred by high frequency has not yet bcen 
thoroughly exploited. The shortness of wave 
mav not be an advantage for transmission pur- 
poses, though the high radiating power is. But 
there are so many surprising things which take 
place in the upper atmosphere that we may 
discover an optimum wavelength suitable for 
transmission at ditterent times in the day ; and 
it is to be hoped that the combined activity of 
the members of the Radio Society may gradually 
give us the information necessary. 

“The work of amateurs may be of the utmost 
value in this respect. The theory of emission 
is simple enough; but about the theory of 
transmission, complicated as it is by the effect 
of sunlight and all the other atmospheric con- 
ditions, we have still much to learn. 

“ Let me wish all success to the Society in its 
enterprise and activities during the coming 
winter.” 


It is now about five years since the use of short 
waves for long distances began to attract the 
enthusiastic attention of amateur investigators. 
The first amateur transatlantic tests of February, 
1921, and those of the following winter, enabled 
dozens of amateurs on both sides of the Atlantic 
to get into touch on waves of 200 metres length or 
less. At the end of 1922, the Pittsburg broad- 
casting station KDKA was transmitting on a wave- 
length between go and Ioo metres and this gave 
amateurs all over the United States an opportunity 
of studying short wave transmission conveniently. 
Before that date the general experience with short 
waves was that they were only really useful for 
short distances; when they did get through to 
long distances the performance was known as freak 
transmission. During 1923 waves shorter than 
I50 metres became more and more common as 
commercial firms and amateurs took up the study 
in increasing numbers. 

We have now had twenty years' experience of 
long waves and four years of short waves in long- 
distance radio telegraphy. For very long waves, 
Say Over 15,000 metres, the facts are relatively 
simple ; these waves travel almost equally well by 
day and night and the distance to which good 
signals can be transmitted depends merely on the 
power employed. But waves of medium length, 
say 1,000 metres, are different, they travel much 
better by night than by day. In both cases the 
strength of the signals falls off steadily as distance 
increases, at any rate after the first few hundred 
miles, and therefore to send signals to the Antipodes 
for twenty-four hours in the daytime requires 
1,000 kilowatts or more and very long waves. As 
a broad rule the number of hours of service can 
always be increased by increasing the horsepower. 

Our four years’ experience of short waves, that 
is waves shorter than 200 metres, has been crystal- 
liseduin the recent writings of a number of technical 
men, chief among whom may be mentioned Hoyt 
Taylor of the American Navy and Heising, Schelling 
and Southworth in the Bell Telephone Company of 
New York. Taylor classified the reports which 
hundreds of amateurs sent to him about his station. 
His results for a power of 5 kilowatts may be 
summarised as follows. In the daytime a wave of 
too metres long can be picked up as far as 200 
miles away; a wave 50 metres long at 100 miles, 
a wave 30 metres long can be picked up at all 
distances up to 50 miles, and is inaudible at points 
between 50 miles and 500 miles, yet is audible 
again at all distances between 500 and 1,500 miles. 
The space over which signals are inaudible forms a 
circular silent zone over which the signals jump ; 
this is called the * skip.” Shorter waves have a 
longer skip—for instance, 15-metre waves cease to 
be audible at 1o miles, skip 1,500 miles, and are 
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then audible with some uncertainty up to 3,000 
miles. At night time in winter the 100-metre 
wave of 5kW output has been heard at all distances 
up to 8,000 miles ; the 50-metre wave up to 10,000 
miles ; the 40o-metre wave skips 500 miles and goes 
to all distances beyond. The 30-metre wave skips 
4,000 miles, the 20-metre wave skips 7,000 miles, 
and both are heard at all distances beyond. But 
the 15-metre wave, after travelling a few miles, 
skips off the earth for good. Similar things happen 
on summer nights, but the skip is less marked. 

The work of Heising, Schelling and Southworth 
has consisted of actual measurements of strength 
at various distances. They find it varies from 
season to season, from hour to hour and even from 
second to second. Their results are so numerous 
that I cannot do justice to them. They find that 
in the daytime the strength of all waves between 
III metres and 163 metres falls off with increasing 
distance as fast as, or faster than, the long waves, 
but at night time short waves of 111 metres and 
66 metres travel much farther. What happens to 
waves still shorter at night, is complicated by the 
skip distance. As a broad rule, after the skip the 
signals for a time get stronger the farther you go— 
an amazing conclusion. It is to be noted, however, 
that there usually is a time in the middle of the 
night, say from midnight to 3 a.m., for waves of 
33 metres and distances of 1,000 miles, when the 
signal will not get through. Remembering that 
midnight occurs at different instants at different 
places on the globe, we see that the reception of 
these signals at distances of thousands of miles is 
complicated very greatly by their midnight vagaries. 

The writers of this very valuable paper lay stress 
on the instability produced by these various 
conditions. They have made special observations 
on fading. They find that the rate of fading may 
be very slow or may be as quick as 100 times a 
second. Sometimes one wave fades while another 
of slightly different wavelength increases in strength. 
Some of these phenomena occasionally make radio 
telephony impossible because of distortion. Never- 
theless very useful service can be rendered in both 
telegraphy and telephony by short waves; but it 
is important to choose the wavelengths carefully 
for any given task. For telephony to 200 miles 
distance use IOO metres; for 500 miles use 50 
metres, and then it may be possible to maintain 
a 24-hour service. For 1,000 miles use 30 metres 
in the day and about 60 at night. For trans- 
atlantic work the wavelength should be altered 
between 100 metres and 20 metres from time to 
time in the endeavour to maintain fairly continuous 
touch. 

From the whole mass of scientific observations 
now available in the technical literature 1 conclude 
that short waves are certainly more useful than 
long waves for distances up to 1,000 miles. Beyond 
this distance the relative utility of short and long 
waves depends upon the kind of work to be done 
and the time when it is done. Amateur investi- 
gators will always find the short waves vastly more 
interesting and much cheaper to install than the 
long waves for the purposes of international com- 
munication. For commercial purposes countries 
that need to be in touch only a few hours daily 
will also adopt short waves. On the other hand, 
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a commercial firm which is running a long distance 
service in competition with cables will find the 
long waves more generally trustworthy. In such 
a service it is often necessary to ensure the delivery 
of messages within a very limited time of handing 
them in; in that case, long waves are best during 
certain hours of the day and will be used even 
though the plant is more costly. But there is a 
possibility that in the course of time, methods of 
changing from one short wave to another exactly as 
atmospheric variations demand, may be developed, 
and that will put the short wave on a level with 
the long wave, but may, of course, at the same 
time make the short wave plant as costly as the 
long wave plant. 

These are scientific facts that have arisen out of 
the study of short wave propagation, but I hope 
we shall hear from some other speakers their 
impressions gathered from personal experience of 
short wave and long wave communication. Experi- 
ence is as valuable, very often, as measurement ; 
I have dealt solely with measurement, and, as 
you all know, have omitted a great many other 
considerations. 


Admiral Sir Henry B. Jackson: Dr. Eccles has 
dealt briefly, but fully, with the subject. With 
regard to the distances he has tabulated, at which 
various waves are receivable, I think probably 
some of us here may find that they do not agree 
with them; I do not personally, and I have taken 
a great many measurements during the last year 
or so, and from my own experience I do not quite 
agree, especially about the 30-metre wave. l have 
received on 30 metres, or practically 30 metres, 
very well indeed, and the statement that it is only 
received up to 50 miles in the daytime is, I think, 
not always correct, e.g., this afternoon I have 
received it at 80 miles without any dithculty, so 
that I think it is open to argument whether or not 
the figures are right at all times, although I daresay 
the general trend is perfectly correct, especially 
the great skips of the various wavelengths, but 
small changes in wavelengths may make very 
considerable differences in the strength of signals, 
and in picking up or losing them; and there is no 
doubt that we have not got to the bottom of the 
subject yet, and I fancy it will mean a good many 
years’ practical experience, by commercial com- 
panies, the services, amateurs, and others, before 
we get reliable results, because I am sure we shall 
find the summer and winter results may be quite 
different. As our President, Sir Oliver Lodge, 
says, amateurs can help a great deal in this, and 
if they will help we shall be very glad indeed, but 
I think that if they do help they must work systema- 
tically. They must not jump from station to 
station and from wavelength to wavelength, but 
should work on one wavelength and one station 
for a week or two, then go to other wavelengths 
and other stations, and then, after a month or two 
come back and repeat their previous experiments. 
Systematic observations as to the distances and 
times at which they can always receive the different 
wavelengths will be very useful. Certainly this 
short wave work is in its infancy. We have had 
20 or 30 years with long waves, but only a few years 
with short waves, and short waves are subject to 
influences which have very much less ettect on the 
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longer ones. Of course, one of the great advantages 
of short waves is that there is so much less inter- 
` ference generally, and less interference by atmos- 
pherics, but I notice that on some short wave- 
lengths, especially between 30 and 50 metres, 
interference is getting rather troublesome. So many 
stations use those wavelengths, and if you pick 
up a receiver and tune to one of them you will 
find three or four stations within a few metres of 
it. I have noticed it with 50 metres, and there is 
a good deal of interference with 36 metres as well, 
so there will have to be legislation to deal with 
interference with the short waves as with the long 
waves. However, the subject is very much in the 
air at present, but if amateurs will help systemati- 
cally I am sure the results will be of very great 
value in settling the point as to at what distances 
and at what times these different waves are 
receivable. 


Mr. Gerald Marcuse: I am afraid it would take 
too long to deal with this subject as I should like 
to, but perhaps I may touch upon one or two 
points. As Sir Henry Jackson has said, it is 
necessary to carry out tests with one station for 
many nights. I have done it for nights on end 
with stations in all parts of the world, and the 
signals certainly vary from night to night. There 
s no doubt about it that, whatever there is above 
the ether, or if there should be a Heaviside layer, 
the density of that outer atmosphere does vary, 
and the waves penetrate deeper into it at certain 
times than at others, so that the angle of deflection 
varies. There must be truth in that. Take, for 
instance, the wavelength of 45 metres; there is 
very little skip distance. It is a rather curious 
wavelength, because it seems to be that in very 
bright sunlight the skip distance is very pro- 
nounced. I was carrying out tests at intervals 
all day long last Sunday, during the bright sun- 
light, and there is no doubt that there was a skip ; 
it practically skipped the British Isles. At Belfast, 
for instance, a distance of 300 miles, the signals 
were weaker in sunlight than on a dull day, and in 
Gloucester (Dursley) they were practically in- 
audible. But that is a very rare occurrence, and 
you rarely get a skip on 45 metres in England. 
I have worked on 45 metres, and on the 32 to 34 
metres wavelength, and with the latter there seems 
to be always a skip, almost of England. In the 
evening the 32-metre wave seems to be suitable for 
distances such as 1,000 miles and over. The 
distances given by Dr. Eccles do not coincide with 
the results of our experiments, but we must take 
into account the fact that these signals vary every 
day; you could not guarantee a short wave to 
behave in the same way every day, if you take 
six months on end. Also, there is no doubt about 
it, they vary from east to west and from north to 
south. I have tried a given power, say 500 watts— 
of course, I am talking in terms of hundred-watts, 
whereas Dr. Eccles is talking in kilowatts—under 
' different conditions, using the same type of aerial, 
of course, suitable for both wavelengths, for com- 
municating with the Antipodes, and I find that 
on some days one wavelength is better than the 
other, and on the whole l find that 45 metres is 
more suitable for morning communication, whereas 
the 30-metre band is distinctly better for evening 
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working with the Antipodes. But it is most 
dificult to make general comparisons owing to 
varying conditions at different points. Topo- 
graphical conditions play such a great part in 
short waves. It seems to me, if we are considering 
short versus long waves, that the whole point is 
that of atmospheric conditions. I am not con- 
versant with the long wave records, or how those 
waves behave, but it seems to me that although 
high frequency amplification is much easier on 
long waves than on short waves, the atmos- 
pheric conditions must on occasion, especially 
in the tropics, make it impossible to carry out two- 
way communication with long waves, whereas with 
short waves, even if you are on the Equator, on 
most nights you can use, say, 30 metres with 
practically no interference at all. Fading is 
another matter which has been the subject of 
extensive experiment. Apparently there is some- 
thing operating between two stations long distances 
apart which affects communication, although you 
may have a perfectly steady wave at both of the 
transmitters ; even with crystal control there is 
some effect between the two stations, which must 
be atmospherical. Nobody, I think, has yet 
discovered the real cause of it. I certainly agree 
with Admiral Sir Henry Jackson with regard to 
interference, and I think the whole question of 
interference will have to be dealt with pretty 
severely, owing to the use of broadly tuned waves 
and unrectifed alternating curren.. There is no 
need to have a spreading wave. Yesterday morn- 
ing, for instance, in the course of receiving, we got 
a back kicking of a key from 6 o'clock until 
9 o'clock. That kicking of the key was spreading 
over the whole wave gap from 20 metres up to 
50 metres. My last point is that, of course, you 
must consider the relative powers used on short 
and long wavelengths, and the distances covered. 


Mr. H. Bevan Swift: Mr. Marcuse has fore- 
stalled me in pointing out that the behaviour of 
short waves is not consistent; what happens on 
one night is entirely different on others. I can 
quite appreciate the position of the radio engineer 
who has to install a large station. He is not in a 
position to experiment; he has so much capital 
put into his hands and must put down a station 
Which will work and immediately produce com- 
mercial results. It is obvious, therefore, that he 
would to a large extent avoid anything of an 
experimental nature on a big scale, and I can quite 
understand that this is the reason why so many 
radio engineers, when installing large stations, have 
avoided the short wave. They must be able to 
get signals through to the distant receiving station 
under all practical circumstances, and communica- 
tion has to be assured. On the other hand, the 
fickleness of short waves is a thing which appeals 
to the amateur experimenter. He is accustomed 
to a certain percentage of failures and more or less 
expects them. In fact, the happiness and the 
pleasure is in looking forward to finding a solution 
for the various difficulties. No doubt in time we 
shall have some new principle of short wave working 
which will put the thing on an entirely ditferent 
footing, but, unfortunately, we have a long way 
to go yet. The Heaviside layer is a thing we 
cannot control, but we may be able to devise some 
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means of beam transmission or some means by 
which we can actually aim at the station we want 
to transmit to, and that is a line of investigation 
Which I am sure will appeal to every transmitter. 
We have got to circumvent in some manner the 
extreme subtlety of short waves and put them on 
to a practical and commercial footing. As regards 
telephony on the short waves, of course there is 
going to be the one great trouble of modulating the 
wave properly, and those who have tried to modulate 
the 45-metre wave have obtained very curious 
results. The modulation varies from night to 
night. That alone is against the commercial use 
of a telephone band at 45 metres, and, I think 
as Dr. Eccles has said, the 100 metre wave is far 
more suitable for telephony than the high frequency 
waves below 50 metres. There is a vast difference 
between 100 and 45 metres, almost the same 
difference that we observe between the two bands 
of roo metres and, say, 5,000 metres. All the 
peculiar phenomena of short waves become 
noticeable down below about 70 metres, so that 
I think that for telephony, with the added diffi- 
culty of avoiding distortion and getting pure speech 
through, it is more likely that from about roo 
metres, say, to 150 metres will be the band that 
will ultimately come into common use, whereas 
the low powers required, sharpness of tuning 
giving narrow peaks and the great advantage that 
you can crowd so many stations into a few metres, 
will confine the short wave mostly to C.W. work. 


The Chairman: Mr. Shaughnessy is here, and 
although he has said he is not prepared to speak, 
I am sure that if I appeal to him on behalf of the 
members present to tell us some of his experiences 
he will do so. | 


Mr. E. H. Shaughnessy (Engineering Department, 
G.P.O.): The subject of the discussion which Dr. 
Eccles has opened is the relative values of long wave 
and short wave communication. With regard to 
the former, I think that at our Rugby station we 
have reached the maximum of power which one 
can economically apply to a long wave station. 
Since I gave my lecture on.Rugby to this Society” 
we have been able to use the whole of the aerial, 
and are now getting 750 amps in that aerial. We 
get very good and consistent results. If one wants 
better results, then it is more economical to spend 
money on the receiving plant, and for long waves 
certainly one wants very selective and efficient 
aerials and selective receivers. With regard to the 
statement that has been made that short waves 
can be received in the tropics on certain nights, 
I can assure you that long waves can be received 
in the tropics on most nights. With regard to the 
skip distances, our experience with short wave 
transmission is that it is by no means constant, 
and from the data available it is not possible to 
accept any definite figure for definite waves. I 
do not want to depreciate the value of the ex- 
periments carried out by Hoyt Taylor—I think 
they are very valuable—but he is relying for his 
results on a number of people co-operating with 


e “The Rugby Radio Station,” by E. H. 
Shaughnessy. R.S.G.B., 23rd June, 1926. 


695 


` 


November, 1926 


him: some good and some unreliable, and con- 
sequently his results are necessarily approximate. 
Even if one continues experiments over very long 
periods between the same places; taking simul- 
taneous measurements of field strength, it is very 
difficult to deduce any definite law from the 
results which vary so much from day to day. 
In connection with some long distance, short wave 
Admiralty experiments, our station at Banbury 
and the Admiralty station at Horsea were listening 
out for signals from a distance of 4,000 or 5,000 
miles. We got very good signals at Banbury on 
one wavelength, whilst Horsea did not get them 
at all; on the other hand, Horsea got very good 
signals on another wavelength, and we did not get 
any at all at Banbury. The distance apart of 
those two stations in this country is approximately 
100 miles, and the distance over which the signals 
came was something like 4,000 miles, so that I 
think you will see the difficulties that arise. We 
have a few short wave, low power stations which 
are Carrying out experimental and commercial work, 
and they are placed so as to be able to take up 
trafic during the best hours of the day for short 
wave work and to enable us temporarily to shut 
down the more expensive high power stations. 
I think that a big field for short wave stations lies 
in that direction. There is one thing I view with 
alarm in Dr. Eccles’ opening remarks, and that is, 
the suggestion that, having found a wave that can 
be used at 9 a.m. between here and, say, South 
America, we use another at 10 a.m., another at 
II a.m., and so on throughout the day. Just 
imagine all the stations on the Continent chasing 
each other round like that! For the future short 
wave commercial stations will, I think, have to 
be content with not more than two waves per 
station, one wave for one part of the day and 
another wave for another part of the day. I can 
confirm what has been said about the utter un- 
reliability of anything definite in the way of a 
service for any definite hours of the day so far as 
short wave, low powered stations are concerned. 
You will get a lower powered station to work over 
long distances quite well one day for certain hours, 
but on the next day it will not work during those 
hours and may during some other hours. There is 
no doubt that the large amount of attention which 
is being given to short waves, both by amateurs 
and by professional and commercial people, will 
tend to develop a more stable condition of short 
wave communications and lead to a more definite 
knowledge of the law of transmission over various 
distances and various parts of the globe. 


Mr. Philip Coursey: This discussion serves to 
emphasise that, although we have been carrying 
out experiments on short waves for some years, 
we have still a very great deal to learn about them. 
In fact, in carrying out experiments of this nature— 
at least, I think so—the more one finds out, the 
greater is the vista opened out for further ex- 
ploration. One rather important point occurred 
to me when Dr. Eccles sketched a diagram on the 
board showing the various skip distances for 
different wavelengths for different times of the 
day. The variation of distances of transmission 
during the day only emphasises the atmospheric 
influences of the Heaviside layer, but it seems 
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to me that it might also be influenced to a very 
great degree by the nature of the aerials used 
for transmission, and possibly also, to some extent, 
by the nature of the waves. I think Dr. Eccles 
has been an exponent of the consideration of 
the angle at which the radiation is emitted from 
an aerial, depending upon what is connected to 
1t, and that might probably also be influenced to 
some extent at least by the shape of the aerial 
itself and by the shape of surrounding objects, 
such as leading-in wire or earth connections, and 
so on. If there is anything in the idea of the 
Heaviside layer affecting the directions and distances 
to which these waves are transmitted, it would 
seem that the aerial itself must have an important 
influence upon that transmission also. In other 
words, if we transmit energy at different angles or 
in different directions, that must have an important 
effect on the skip distance. Such a consideration 
would rather seem to raise the possibility of at 
least carrying out some experiments—it may or 
may not prove practicable commercially—with 
multiple transmitters on different wavelengths at 
the same time from different but adjacent stations. 
From the remarks already made it would seem that 
if two, or probably three wavelengths could be 
used simultaneously for the same transmission 
there would be a much better reliability factor than 
is obtained when only one is used. Such tests, at 
any rate, would probably give interesting results, 
particularly if the signal strengths, on two or more 
Simultaneous transmissions, could be measured at 
the receiving stations. It might tell us a great 
deal more of the mechanism of transmission that 
would separate transmission from different stations 
on different wavelengths. The larger number of 
wave bands available in the shorter wavelengths 
might render such a scheme of transmission possible 
on a commercial scale, should it prove of any value 
as compared with the single wave. It might also 
be more valuable than changing the wavelength at 
different hours of the day. I do not know whether 
any such tests have been made, but if not I put 
forward the suggestion as one perhaps worthy of 
careful attention. 


Mr. Maurice Child: There are several points in 
connection with both long and short waves which I 
think it would be useful to bear in mind when we 
are considering the possibilities of the two forms of 
transmission. It has been suggested that for com- 
mercial work the long waves are probably the most 
satisfactory, the reason being that we know, after 
some twenty years’ experience, how to generate 
those waves as efficiently as possible, and we also 
know probably a good deal more exactly how to 
receive them. We also know the sort of variations 
we are likely to expect over the distances at which 
it is contemplated the stations will work. Mr. 
B:van Swift suggested that the wireless engineer, 
or radio engineer, had to set up his station in 
accordance with the requirements of the service 
and the amount of money put forward. I am going 
to suggest that the radio engineer 1s almost a non- 
existent person. The engineer to-day who has to 
put up a bridge, for instance, has to know every 
detail connected with the materials he is going to 
use—the strains and stresses, the sizes of the bars 
and the girders to carry a definite load— and he 
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can produce with wonderful exactitude the results 
he is required to produce. On the other hand, we 
all know that it is a very speculative business to 
put up a wireless station to get through to certain 
places at long distances—say, distances of 3,000 or 
4,000 miles and over. At any rate, the usual practice 
has been to put up a station of sufficient power 
so that under almost the worst possible receiving 
conditions the signals will, somehow or other, get 
through. Yet, what do we find ? We find that in 
some cases— and l am going to cite one in a moment 
—with all the power we put into our long waves 
for those stations, strengths vary enormously 
from day to day in exactly the same sort of way 
as the short waves vary, and I am not aware of 
any data available yet which gives us the relative 
variations in signal strength on the long waves in 
proportion to the power used, and the relative 
variations of signal strengths of, say, short waves of 
below 100 metres in proportion to the power used 
in transmitting. I think that data on that would 
be very useful. I was speaking the other day to 
an old pupil of mine who has been working for a 
long time on a commercial—6oo metre—coast 
station on the Gold Coast, and I asked him how he 
found the reception of Press news from Rugby. 
What I wanted to get at was whether the signals 
from that station, received on the Gold Coast, were 
constant, reliable, easy to read, and so on. He 
said, “ Yes, Rugby is a very good station to read ; 
when it really comes through well, it is extremely 
good.” I said, '' What do you mean by ‘ well’? ” 
He replied, “ If we want to get really good reception 
of Press news there on the long wave, we invariably 
get on to Bordeaux.” “But,” I said, ‘ Rugby 
is probably using more power than Bordeaux, 
or in any case the wavelength is more constant.” 
He said, “ It may be, but the fact remains that on 
the Gold Coast the best reception is always {from 
Bordeaux.” The difference in distance between 
Rugby and Bordeaux in relation to the Gold 
Coast is not very much, say between 300 and 400 
miles, so that there we have the same unreliability 
with the long wave that we get with the short wave 
transmission. Perhaps itis not so tothe same extent, 
but nevertheless it exists. It makes one rather 
careful in speculating as to the future possibilities 
of the use of the long and the short waves when one 
still has these enormous variations to contend 
with. I think that one of the great difficulties we 
have to overcome with short waves before we 
can make further and very useful measurements 
is to make some big improvements in our methods 
of receiving. The majority of amateur workers, 
and also some professional workers, have realised 
that for short wave reception it is necessary 
to employ as simple detecting arrangements as 
we can—and, of course, simplicity is always a 
desirable thing, provided we can also get reliability. 
It does seem to me that an enormous amount of 
work has to be done, in connection with the develop- 
ment of the short wave, to make up for the variations 
in strength that we get in the short wave. If we 
experiment only on the simple detector and the 
amplifying valve at receiving stations we shall 
stick almost where we are, but if we can use a 
receiver which can be increased in its range of 
sensitivity, as long wave receivers can be, by high 
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frequency stages, we can get over the difficulties 
we find at present. That seems to me to be one 
of the important things. There is one other point 
I should like to mention. When we put up a com- 
paratively high power transmitting, short wave 
station, say 20kW or less, the signals come through 
at the distant station—by ‘distant ’’ I mean 
perhaps in the Antipodes— with enormous strength, 
but there is a difficulty which has arisen, which 
apparently nobody foresaw at the time when high 
power was employed, and that is that although you 
get strong signals you cannot read them—or, at 
any rate, it is very difficult to read them. It 
appears that at great distances the wave from the 
transmitter goes direct round the world to the 
receiver, it then goes round the world again and 
comes to the receiver, and then again the third time, 
so that you never get a quick cut-off, which is 
necessary when reading the Morse code. The dot 
ends with a succession of dots, and that makes 
the reception of high speed signals very difficult. 
Perhaps the solution would be to cut down the 
power of the transmitting station. 


Mr. Hogg: Iam glad that Mr. Coursey mentioned 
the possibility of the variation in skip distances by 
altering the constant of an aerial circuit. Some 
years ago I did a great deal of work, at the suggestion 
of Dr. Eccles, in getting across the Atlantic on 100 
metres, and I found that the variation of skip 
distance does not apply merely to the short waves, 
but also to the longer waves of 200 metres; it 
varies just as much, and if you use a small amount 
of power you can readily get the same effect. On 
100 metres it is possible for a signal to be inaudible 
on the east coast of America, and to get a powerful 
signal halfway across America, and vice versa, 
just as you desire. Another problem is the extra- 
ordinary variation in transatlantic signals at quite 
regular periods of a week or so. I believe that 
about once every week or ten days you find all the 
American amateurs transmitting—and there are 
nundreds of stations—will vanish completely for 
about a week, and then come back again; they all 
vanish at the same time and come back at the same 
time. No other stations in any other part of the 
world seem to do the same thing; it only happens 
between England and America, on approximately 
40 metres. Results have been obtained by Pickard 
recently in connection with poiarisation, but they 
have not been based on a very large quantity of 
experimental work, and it would be interesting to 
have Dr. Eccles’ opinion on them. With regard to 
Admiral Sir Henry Jackson’s remarks on the 
30-metre wavelength, I think the general experience 
of most amateurs has been that the 32 to 34-metre 
waveband is almost inaudible in England at any 
time during the day or night from 30 or 40 miles 
onwards. As to the fading of audio frequency, that 
has been cured by many amateurs to a great extent 
by the use of crystal control. That is also the case 
with KDKA and WGY, and I do not think there 
has been any distortion since they used crystal 
control. There is another kind of skip which I 
have noticed when working over distances of 50 
or 70 miles. I have been working with a small 
transmitter on a car recently, doing some very 
short wavelength experiments, working on a 
schedule with a station in London. At times we 
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have both been on and could hardly hear each 
other, but maybe we hear each other later with 
terrific strength. We get a sudden cessation of 
Signal strength at such a short distance for no 
apparent reason. In another case we knew a man 
was transmitting at a certain time, but his signals 
were quite inaudible, but in half an hour's time 
there he was as large as life, and perhaps as strong 
as usual. There seems to be something unusual 
to cause all these rather peculiar skips, which 
require investigation. It seems to me that there 
is a great deal to be done in the way of polarisation, 
and that seems to be the most interesting field at 
the moment. I should like to hear what Dr. Eccles 
has to say about it. 


Dr. Eccles, replying to the discussion, said: 
Admirał Sir Henry Jackson objected to the sharply 
defined figures that I gave of skip distances, and 
other speakers supported him in saying that they 
did not believe the figures were so hard and fast as 
I indicated. I think I ought to say that Mr. Hoyt 
Taylor, in his paper on the subject, says that 
all he has done is to take the average of a great 
many rather different figures in deducing, for in- 
stance, to get that 50 to 500 miles as the skip 
distance of the 30-metre wave in the daytime. It 
is well known that an average, although it occurs 
sometimes, does not occur often. The things that 
are not average occur more often than the things 
that are average. I have often heard it said that 
the average height of members of the population 
of the United Kingdom is 5 ft. 9 in. and several 
decimal points, but probably nobody of exactly 
that height exists. In the same way, I can quite 
believe that these skip distances probably are never 
hit on in actuality. Mr. Bevan Swift has employed 
the phrase '' the fickleness of short waves.” That 
phrase explains excellently why these skip distances 
are never the same two days running or even two 
hours running. The other investigators I have 
quoted actually say that the behaviour of the 
66-metre wavelength to-day is very like what that 
of the 45-metre wavelength was yesterday, so that, 
you see, these things have to be taken as very 
rough approximations. All this is supported 
very strongly by Mr. Marcuse's statement that 
one cannot guarantee that a short wave will do the 
same thing every day. He pointed out, too, a 
thing which I did not mention in my opening 
remarks, namely, that a very important advantage 
of short wave over long wave transmission is the 
portability and smallness of the apparatus. You 
can have it so small that explorers on the Amazon 
can communicate with Mr. Marcuse in England, 
carrying their kit with them, in a way which would 
be absolutely impossible with long wave trans- 
mission without taking a barge. (Laughter.) 
You will notice, by the way, that the advent of 
short waves has altered the whole aspect of explora- 
tion. The explorer now is in a very diferent 
position as compared with five years ago. Where- 
ever he goes, whether it be the North Pole, the 
South Pole, Central Asia or anywhere else, he can 
keep in touch with civilisation if he wishes. Mr. 
Shaughnessy's illuminating remarks, drawn from 
the experience of the Post Ottice, I was very glad 
to elicit from him, as they will go on record in our 
Proceedings, and will be of great value to the people 


November, 1926 


who take the trouble to read them. It is very 
remarkable that stations so near together as 
Horsea and Banbury can record absolutely difterent 
experiences on the same signal at the same instant, 
but again the explanation is the “ fickleness ” of 
short waves. Both Mr. Coursey and Mr. Hogg 
dealt with the ettects of the shape of the aerial, the 
length of the aerial relative to the wavelength, or 
the inclination to the ground of the aerial, and 
Mr. Hogg reminded me that Pickard, in a recent 
paper, had gone very deeply into the question of 
the polarisation of the waves as affecting propaga- 
tion. It would take too long to do justice to Mr. 
Pickard's work to-night, but I think it would form 
a very good subject for continuing the discussion 
of short waves on some other evening, either at an 
informal meeting or a full meeting of the Society. 
I hope we can make room for that amongst the 
papers and discussions that are to come. The 
remarks of Mr. Child, to the effect that the radio 
engineer does not exist because there is so much 
guesswork in what he does, and because nature 
comes up against him and falsifies his prophecies, 
seem to me to apply just as much to, say, the civil 
engineer. After all, the structures which the civil 
engineer builds are intended to stand the test of 
the elements, but when a tornado, such as that in 
South Florida comes, all his calculations are falsified 
and the buildings fall down. I think we are very 
much in the same boat, and have come to the 
conclusion that there is no such thing as an engineer 
at all. (Laughter.) His remarks about the ditticulties 
that must arise in short wave reception at high 
speeds if the signals go echoing round the world are 
very apt, and they do indeed constitute a thing 
that will have to be combated if that echo hypo- 
thesis is correct. It resembles the problem of 
echoing in long telephone cables, and it may pos- 
sibly be got over by analogous methods. That 
remains for the future, however. As regards 
reception on the Gold Coast from Rugby and 
Bordeaux, it is quite true that sometimes in some 
places Bordeaux is more legible than Rugby, and 
vice versa. The configuration of the surrounding 
country has a great deal to do with it. If a chain 
of mountains happens to come into the “ line of 
fire’’ between Rugby and the Gold Coast, and 
does not come into the “line of fire'' from Bor- 
deaux to the Gold Coast, one would expect—and 
it has been demonstrated again and again—that 
the signals would be stronger over the clearer path. 


The Chairman : 


I understand that Mr. Marcuse 
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has a very interesting suggestion to make, though 
it has nothing to do directly with long or short 
waves, and I should like to call on him to tell 
the meeting what it is. There will be no necessity 
for us to come to any decision to-night, but a 
statement from him now will be an easy and rapid 
way of letting the members of the Society know 
what his proposal is, and they will have a certain 
amount of time to think about it. 


Mr. Marcuse: I do not wish it to be thought 
that I am trying to preach economy to the Radio 
Society of Great Britain, although there mav be 
times when, it is needed and when the Society 
may not be too flush with funds, but I do feel that 
the meeting to-night indicates the community of 
interest between the members of the Society and 
the members of its T. and R. Section. You mav 
not know that the membership of the T. and R. 
Section is mounting up, and we shall soon be 1,000 
strong, and I do feel that we ought to merge our 
interests by holding joint meetings. The Radio 
Society is holding a meeting to-night, and the T. 
and R. Section may be holding a meeting next 
week; you are discussing short waves, and we 
might be discussing short waves. Therefore, 1 
think we might merge the meetings into one. It 
has been suggested that we hold two meetings one 
month and one the next, but if we merge our 
interests we might possibly hold two every month, 
or, if special circumstances arise, probably three a 
month. I notice that the meeting to-night includes 
a good many members of the T. and R. Section 
they are all members of the Society itself, of course 
—and it seems to me that whatever subjects are 
discussed at the meetings of the Society or of the 
T. and R. Section, they are allied and of interest 
to allof us. It will make mv work much easier, as 
well as the work of the gentlemen responsible for 
arranging the meetings of the Society, and we 
shall all be happier. I do not know whether you 
want to discuss the proposal, but if the Council 
would consider it—and I have the honour to bea 
member of the Council—perhaps it would be better 
for them to do so. 


The Chairman: You have heard the proposal 
made by Mr. Marcuse, and I hope you will think 
over it. To my mind, it is a very generous one, 
and shows that the T. and R. Section does not want 
to keep all its knowledge to itself. I feel that the 
field is one which is so vast and varied that there 
is any amount of room for any number of experi- 
menters to take it up. 


THE WIRELESS ENGINEER 


699 


November, 1926 


Abstracts and References. 


Compiled by the Radio Research Board and reproduced by arrangement with the Department 
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R100.—GENERAL PRINCIPLES AND THEORY. 


RII1.—New DEDUCTIONS OF THE ELECTROMAG- 
NETIC EQuaTions.—W. Swann. (Physical 
Review, 28, pp. 531-544, Sept., 1920.) 


R112.—UBER RAUMSTRAHLUNG (Concerning space 
radiation).—A. Meissner. (Zeitschrift für 
Hochfrequenz., 28, 3, pp. 78-82, Sept., 1926.) 


On the hypothesis that with space radiation 
transmission should be directed upwards at an 
angle of 60-80°, the advantage of employing a 
horizontal antenna (dipole) follows. For conducting 
the energy to this antenna, parallel leads were 
utilised several wavelengths long and 8-10 cm. 
apart. Tuning was not ettected on the antenna, 
but through a rotary condenser in the transmitter 
coupling coil. The solution of the antenna problem 
for the present is a horizontal antenna or com- 
bination of horizontal antenne in conjunction 
with a metal reflector directing the radiation up- 
wards at an angle of bo-80”. An experimental 
arrangement carried out at Nauen is described. 
This arrangement improved reception at Buenos 
Aires two to fivefold, and reception was often 
possible, particularly in the daytime, when nothing 
was heard in the case of the transmitter with the 
vertical antenna ; also with longer waves (up to 
300m.) the horizontal antenna was found superior 
to the vertical. 


 Ri13 and Ri14.—LONG DISTANCE RADIO RECEIV- 
ING MEASUREMENTS AND ATMOSPHERIC Dis- 
TURBANCES AT THE BUREAU OF STANDARDS 
IN 1925.—L. Austin. (Washington Academy 
of Sciences Journ., 16, pp. 398-408, 19th 
Aug., 1926.) 


A résumé of the measurements made by the 
Bureau of Standards on long-wave, long-distance 
signal intensities and atmospheric disturbances 
during 1925, with the addition of some comparisons 
of the field intensities and disturbances from 1922 
to the present time. The results are tabulated and 
shown graphically. No certain relationship has 
been discovered between sunspots and abnormal 
signals, but in many cases there appears to be an 
undoubted effect of the more severe magnetic 
storms upon transmission. [Further conclusions 
drawn from these experiments have already been 
given (these abstracts, Sept., 1926, p. 570). Obser- 
vations in Washington show that in winter the 
prevailing afternoon disturbances come roughly 
from the direction of eastern South America or 
perhaps partly from Africa. In summer the 
direction is south-westerly, apparently from Mexico 
or the south-western United States. This is in 
accord with the idea that disturbances generally 
originate over land and are most intense in the 
afternoon and evening in the regions where the 
sun passes very nearly overhead. 


R113.—TEMPERATURE AFFECTS RADIO SIGNAL 
STRENGTH.—(A mer. Inst. Elect. Eng. Journ., 
45. 9. p. 863, Sept., 1926.) 

That temperature influences the strength of 
radio signals is the conclusion reached from experi- 
ments made at the Bureau of Standards. Two 
years ago, Dr. Austin observed a decided increase 
in the signals received at Washington from Tucker- 
ton and New Brunswick, during the passage of 
severe cold waves over the eastern States. Further 
research now indicates that whenever the tempera- 
ture rises along the signal path there is a tendency 
for the signal to drop, and conversely, a falling 
temperature tends to produce a stronger signal, 
though these temperature effects are often masked 
by other unknown influences. It is stated that 
doubtless temperature changes influence the waves 
which are reflected or refracted from the Kennelly- 
Heaviside layer, 60 miles or more above the earth’s 
surface, rather than the waves which glide along the 
ground, since no marked change is observed in 
signal intensity due to long continued rain or 
drought, the presence of snow, or the presence or 
absence of frost in the ground. 


R113.—A SUGGESTED WIRELESS TRANSMISSION 
THEORY.—C. Snell. (Electrical Review, 99, 
p. 303, 27th Aug., 1920.) 


A reply to Mr. Barton's letter (these abstracts, 
October, 1926, p. 635) stating that the shorter 
wavelengths are more efficient both by day and 
by night provided that the transmitting apparatus 
and its associated aerial system are specially 
designed for such wavelengths. Mr. Snell also 
explains that his articles were framed so as to 
distinguish as completely as possible between the 
variations in efficiency occasioned by changes in 
aerial and apparatus design and those exclusively 
attributable to the characteristics of the media 
intervening between transmitter and receiver. 


Rr13.—CuRVED PATH OF WIRELESS WavEs.— 
A Mallock. (Nature, 118, DD. 443-444, 
25th Sept., 1926.) 


A letter on the question as to why wireless waves 
follow the curvature of the earth. The writer 
states that since with visible light in air the shorter 
the wavelength the less the velocity, while the 
refractive index for X-rays is practically unity, 
there must be a condition in which a decrease of 
wavelength is accompanied by an increase in 
velocity, at and after a certain shortness of wave- 
length is reached. Similarly at the other end of 
the spectrum it is not impossible that the velocity 
may drop as the wavelength increases, although 
at present a phvsical explanation may be wanting. 
A case of diminished velocity with increased period 
would occur in air if the waves were of such great 
length that the heat due to compression had time 
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to diffuse. Ifit were found that for wireless waves 
the velocity increased about one part in four thou- 
sand per mile of height above the ground, the 
writer continues, the reason for such waves following 
the curvature of the earth would require no further 
explanation, and until experiment proves that 
there is no such change, it would be reasonable to 
impute the observed curvature of path to this kind 
of cause. 

A graphical construction for determining diffrac- 
tion effects is added. 


R113.—RECENT DEVELOPMENTS IN SHORT-WAVE 
WIRELESS TELEGRAPHY.—H. Rukop. 
(E.W. 6. W.E., 3, 37, pp. 606-612, October, 
1926.) 

A first instalment of a full translation of the 
Telefunken publication Neuere Ergibnisse in der 
drahtiosen Telegraphie mit kurzen Wellen, also 
appearing in Zeitschrift für Hochfrequenz, 28, 2, 
pp. 41-50, August, 1926. 


R113.—SHORT WAVE EXPERIMENTS.—R. Durrant. 
(WtrelessWorld, 19, pp. 331-332, 8th Septem- 
ber, 1926.) 

An account of tests, between a yacht cruising 
in the Norwegian fjords and a station in Hampshire, 
which show that reliable communication can be 
maiptained day and night on low power, over 600 
miles, where ordinary long-wave spark and C.W. 
signalling will not penetrate beyond a few miles. 


R113.—CAN WE SIGNAL TO Mars ?—E. Appleton. 
(Wireless World, 19, pp. 359-360, 8th Sep- 
tember, 1926.) 

The conditions under which short waves penetrate 
the Heaviside layer are considered, and it is esti- 
mated that somewhere between 1 and 10 metres 
long distance transmission would be found to become 
impossible, because all the waves leave the earth. 


RII34.-A TEST OF THE EXISTENCE OF THE 
CONDUCTING LAYER-—G. Breit and M. 
Tuve. (Physical Review, 28, pp. 554-575, 
September, 1926.) 

The following abstract is given :— - 

A method previously proposed for a test of the 
existence of ionisation in the upper atmosphere 
has bcen developed, and definite proof obtained of 
the existence of echoes from the upper regions. 
The echoes are present for 70-metre waves with an 
, 8-mile base near Washington, D.C. The eftective 
height of the laver is between 50 and 130 miles. 
At times multiple reflections are present. Radio 
fading is shown to be not only an efiect of inter- 
ference between the ground and the reflected waves, 
but also to a large extent an efiect of the presence 
or absence of reflected waves. A seasonal varia- 
tion in the effective height between summer and 
fall seems to exist. A smaller diurnal etiect is 
also suspected. The height seems greater in the 
fall than in the summer and greater in the afternoon 
than in the morning. Eftects of wavelength and 
of location have been studied. A quantitative 
discussion of the results enables one to eliminate 
too gradua! distributions of electron density. The 
measured retardation is shown to correspond to a 
height greater than the actual by amounts ditiering 
for various polarisations of the refracted waves. 
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R113.4.—AUDIBILITY OF EXPLOSIONS AND THE 
CONSTITUTION OF THE UPPER ATMOSPHERE. 
—F. Whipple. (Nature, 28th August, 1926, 
PP. 309-313.) 

From the reports on the audibility of the ex- 
perimental explosions arranged by the International 
Commission, Prof. Maurain has concluded that the 
high temperature (about 300° F.) postulated by 
Lindemann and Dobson for the atmosphere at 
60 km. and above, is not high enough to account for 
the recurring of the sound rays, and that Von 
den Borne’s hypothesis of the hydrogen atmosphere 
must be invoked. He goes so far as to hazard the 
estimate of 92 per cent. of hydrogen in the con- 
stitution of the atmosphere at 116 km. The 
author shows that Prof. Maurain’s hypotheses are 
at variance with certain deductions from .the 
observations and that reasonable agreement with 
the observations is obtained by assuming thatthe 
rise of temperature begins at 30 km. and increases 
regularly up to 50 km., at which level and beyond 
the temperature is 3807. The probability that the 
transition from the uniform temperatures of the 
stratosphere to much higher temperatures begins 
at the comparatively modest height of 3o km. 
makes it desirable to extend the range of soundings 
by free balloons to that height, and beyond, which 
should not be impossible hy the proper choice of 
balloons. 


R113.6.—POLARISATION OF WIRELESS WAVES.— 
S. Hollingworth. (Nature, 118, p. 409, 18th 
September, 1926.) 


A brief outline of observations made at Slough 
and Exeter on the transmissions from Sainte Assise 
(14,350 m.), from which the two chief facts that 
emerge are :— 


I. Long waves as well as short may be elabor- 
ately polarised by refraction in he upper 
atmosphere during the night. This effect is 
also present, though to a less degree, during 
daylight in winter, and occasionally even during 
daylight in summer. 


II. The effect persists during the hours of 
darkness, remaining fairly steady after the 
sunset period is over, and consequently it cannot 
be caused by the mere temporary displacement 
of the reflecting surface from its normal horizontal 
position owing to the ionic recombination occur- 
ring at sunset, but must be an essential feature 
of the mode of refraction. 


R.113.6.—THE KERR EFFECT IN WIRELESS TRANS- 
MISSION.—E. V. Appleton. (Nature, 118, 
p. 514, 9th October, 1926.) 


Evidence is briefly reviewed pointing to the 
rough generalisation that long wireless waves are 
deviated by reflection and short waves by re- 
fraction. Taking into account the carth’s magnetic 
field on the motion of electrons, a Kerr ettect 
(rotation of plane of polarisation, on reflection 
from a sharply-defined magnetised surface, through 
an angle depending on the intensity of magnetisa- 
tion) would be expected for long waves at night. 
which prediction seems to find fulfilment in Mr. 
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Hollingworth's recent observations (Nature, 18th 
September, p. 409). A consideration of the 
magneto-ionic formule for the conductivity and 
dielectric constant of ionised gas shows that, in 
cases of reflection, there is a certain critical height 
in the atmosphere above which the inductivity 
in the direction of the earth's lines of magnetic 
force is appreciably different from that in a direction 
at right angles. This is the height at which the 
frequency of the electron collisions with gas mole- 
cules is equal to the angular frequency with which 
the electrons normally spiral round the lines of 
magnetic force. Estimates of mean free paths 
and air pressures at different altitudes give a value 
for the critical height somewhere about 70-80 km. 
When the waves are deviated below this height, 
practically no abnormal polarisation occurs, but 
when deviated above, both Kerr and Faraday 
etfects will be produced according to the wave- 
length. The fact that the Kerr etiect is found at 
night and not by day indicates that the ionised 
layer passes from or below this critical region to 
a height appreciably above it at sunset. 


R113.8.— AURORA POLARIS. — (Nature, 11th Sep- 
tember, 1926, pp. 366-368.) 


Observations of the aurora and related phenomena, 
particularly in the regions where the aurora and 
associated ionisation are most strongly developed, 
are of considerable radio interest, owing to the 
connection existing between ionisation in the upper 
atmosphere and wave propagation. This article 
reviews the “ Records of the Aurora Polaris ” by 
Sir Douglas Mawson, giving the detailed observa- 
tions from the three stations occupied by the 
Australian Antarctic Expedition between 1911 and 
1914. These records will be followed by two other 
parts in the same volume—“ Records of Magnetic 
Disturbances '' and “ Records of the Range of 
Transmission of Wireless Signals.” 


R113.8.—VARIATION OF PENETRATING RADIATION 
ON THE JUNGFRAU.—W. Kolhorster and 
G. von Salis. (Nature, 118, gth October, 
1926, p. 518.) 

Recent research with more sensitive instruments 
appears to confirm Kolhorster's early belief in a 
cosmic origin for the penetrating radiation. The 
radiation is found to reach maximum intensity 
when certain celestial regions culminate, for ex- 
ample, the Milky Way, and specially the regions 
of Andromeda and of Hercules, which is explicable 
as a consequence of the minimum length of the 
path of rays from these regions through our 
atmosphere at culmination. 


R113.8.—SOME ELECTROSTATIC DISTURBANCES 
UPON THE EARTH WHICH SEEM TO BE CAUSED 
BY DISTURBANCES UPON THE SUN.—F. 
Sanford. (Physical Review, 28, p. 429, 
August, 1926.) 
Abstract of a paper presented at the June meeting 
of the American Physical Society in California. 
An instrument used for the past five years for 
measuring daily variation of the surface potential 
of the earth at Palo Alto shows very great devia- 
tions from the ordinary dailv range of variation 
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at certain times. These deviations have some of 
the characteristics of magnetic storms, but they 
seem to occur most frequently during the fore- 
noon hours, while magnetic disturbances occur at 
the same time all over the earth. Since very great 
earth potential disturbances have accompanied 
some of the great sun spot disturbances, an attempt 
has been made to find whether the disturbances of 
earth potential regularly accompany the passage of 
sun spots across the sun's central meridian. The 
data given in the paper indicate the probability, 
but not the certainty, of a physical relation between 
the two phenomena. 


R113.8.—THE RECURRENCE OF MAGNETIC STORMS. 
—C. Chree. (Nature, 4th September, 1926, 
PP. 335-336.) 


R114.—PREMIERES OBSERVATIONS RELATIVES AUX 
PARASITES ATMOSPHERIQUES EN AFRIQUE 
OCCIDENTALE.—First observations on at- 
mospherics in West Africa.—H. Hubert. 
(Comptes Rendus, 183, pp. 368-370, znd 
August, 1926.) 


For this investigation at Dakar, a frame receiver 
was used, similar to that employed by Rothé at 
Strassburg (L'Onde Electrique, 2, 1923, p. 7). 
The sounds heard in the telephone are the same as 
those described by Rothé and Lacoste under the 
names of “' décharges’’ and ‘‘craquements et 
claquements.” By discharges, Rothé denotes mani- 
festations that are less frequent and last a fairly 
long time, up to five seconds, having an intense 
metallic noise like a gong with a clear high note, 
and maintaining during their whole duration the 
same intensity and pitch. Claquements et craque- 
ments are the disturbances known as clicks and 
grinders. 

Discharges.—In agreement with Rothé’s observa- 
tions, discharges are in direct relation with lightning 
flashes. It appears, moreover, that, in W. Africa 
at least, discharges alone belong to this category. 
For each wavelength there is an orientation of the 
frame, towards the east, for which the frequency 
is a maximum, and another direction, often very 
comparable, for which there is a maximum intensity 
of discharge. Except in the case of a very near 
storm in an azimuth very difierent from the east, 
these directions are also very near those observed 
for clicks and grinders. In practice the azimuth 
of greatest frequency of discharge is much the same 
for all wavelengths except one, varying between 
6,000 m. and 15,000 m. with the time, for which the 
frequency is a maximum, with progressive decrease 
above and below this wavelength. During the 
period of the year when there are no lightning 
flashes, no discharges are recorded. In winter 
they are only observed when there is a flash of 
lightning within a radius of less than 300 or 400 km. 
The frequency is in direct relation with that of the 
lightning flashes. Audibility is far better when 
the storm is approaclung the observer than after 
it has passed him by. 

Clicks and grinders.—These occur at any hour 
in all seasons, and are not determined by the 
lightning flash. For these also there is maximum 
frequency for a certain orientation of the frame 
(near the east) and a variable wavelength (often 
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about 13,000 m.), with progressive decrease on 
either side of this orientation and wavelength 
(atmospherics are relatively rare above 22,000 m. 
and below 200 m., but one must go well below this 
latter figure to eliminate them). The azimuth of 
greatest frequency is not fixed. In general it 
gradually shifts by a small amount (exceptionally 
759) towards the north from morning to evening. 
About sunset it shifts suddenly towards the south. 
It varies further according to the season : in winter 
it is ordinarily near the east or east-south-east 
and in the dry season the east-north-east. Apart 
from any meteorological disturbance, the frequency 
of clicks and grinders is much greater by night 
than day, there is a sudden increase from the time 
of sunset and marked diminution after midnight. 
It is probable that at nightfall there is no increase, 
in the absolute sense, of the atmospherics produced, 
but simply an increase in the atmospherics picked 
up, owing to the better audibility. For the twelve 
hours of sunshine each day, the frequency varies 
with the season. For instance, in winter there 


are 30 clicks to the minute at 8 a.m., 60 at 2 p.m., 


80 at 5 p.m.; in the dry season there are 40 at 
8 a.m., 55 at 2 p.m., and 45 at 5 p.m. The 
frequency does not change with the approach of 
cold fronts or by horizontal displacements of the 
atmospheric air, but it systematically increases 
with vertical displacements of masses of air in the 
aerial currents, whether rythmical or accidental. 
Things happen as if the clicks and grinders were 
due to oscillating discharges of minor importance, 
emitting neither light nor sound, that occur every 
moment—at an altitude of at least some thousands 
of metres and at distances of some tens of kilo- 
metres or more from the receiver—between masses 
of air of very different potential brought into the 
neighbourhood of one another through an energetic 


stir up caused chiefly by violent ascending currents.’ 


R114.—LIGHTNING.—(Nature, 2nd October, 1926, 
p. 482.) 


Further brief correspondence between Dr. 
Simpson and Dr. Dorsey concerning their respective 
theories as to the nature of lightning (see these 
abstracts, E.W. 6 W.E., October, 1926, p. 638). 


R114.—ATMOSPHERIC ELECTRICITY AND 
PHENOMENA. 
P- 493.) 
Announcement of a communication from Profs. 
H. Benndorf and V. Hess, who are writing a com- 
prehensive treatise on the above subject to be 
published next year, asking physicists and meteoro- 
logists in English-speaking countries to send them 
reprints of their publications. Papers are required 
on atmospheric electricity dealing with the electric 
field of the earth and atmosphere, atmospheric 
ionisation, electricity of thunderstorms, electric 
properties of rain and snow, radio-activity of the 
earth and atmosphere, the aurora, theories of the 
origin of electro-atmospheric phenomena, and 
propagation of electric waves round the earth. 
Any reprints on these subjects would be grate- 
fully received by Prof. Benndorf or Prof. Hess, 
Physikalisches Institut, Universitit, Graz (Steier- 
mark), Austria. 


ALLIED 
(Nature, 2nd October, 1926, 
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R132.—AN EXAMINATION OF THE PROPERTIES OF 
AUDIO-FREQUENCY AMPLIFIERS BY MEANS 
OF THE DUDDELL OSCILLOGRAPH.—W. 
Baggally. (E.W.& W.E., 3, 37, October, 
1926, pp. 628-632.) 


R133.—EIN NEUER GRUNDSATZ FUR DIE ERZEU- 
GUNG VON SCHWINGUNGEN MIT ELEKTRO- 
NENROHREN (A new principle for the 
production of oscillations with valves),.— 
F. Kiebitz. (Elektrische Nachrichten-Tech- 
nik, 3, 8, August, 1926, pp. 284-289; 
Zeitschrift fur Hochfrequenz., 27, 6, July, 
1926, pp. 163-167.) 

The falling Ia—Ega characteristic of the ordinary 
commercial valve gives the grid-anode system the 
properties of a negative resistance, which is able 
to maintain oscillations when arranged parallel 
to the condenser of an oscillatory circuit. Experi- 
ments with such a circuit-arrangement are des- 
cribed when all oscillations ranging in period from 
5 sec.—1Io-8 sec. were successfully produced. 


R134 & RI49.—NOTES ON WIRELESS MATTERS. 
L. Turner. (Electrician, Ioth September, 
1926, pp. 288-289.) 
A brief review of the actions in the rectifier of 
a wireless receiver and the relations subsisting 
between the several types of rectifier. 


R138.—SECONDARY EMISSION FROM METALS DUE 
TO BOMBARDMENT OF HIGH-SPEED POSITIVE 
Ions.—W. Jackson. (Physical Review, 28, 
September, 1926, pp. 524-530.) 

The emission from various metals is measured 
using different kinds and speeds of positive ions 
and following a method the results of which are 
unequivocal. Attempt is made to separate elec- 
tron emission from the phenomenon of positive 
ion reflection. 


R138.—THERMIONIC AND ADSORPTION CHARAC- 
TERISTICS OF CAESIUM ON TUNGSTEN AND 
OXIDIZED TUNGSTEN.—J. Becker. (Physica 
Review, 28, August, 1926, pp. 341-361.) 


R138.—VARIATION WITH TEMPERATURE OF THE 
WORK FUNCTION OF OXIDE-COATED PLATI- 
NUM.—M. Glass. (Physical Review, 28, 
September, 1926, pp. 521-523.) 

A series of tests were made with standard 
Western Electric VT2 valves, in which the filament 
was held at a higher temperature for a period of 
five minutes and then returned to a lower reading 
temperature (950°C.) and the electron current 
measured with a plate potential of IIO volts. It 
was found that the previous heating of the filament 
caused a temporary increase in the electron current 
over the normal value for that temperature, and 
that this effect increased with temperature up to 
about 1130” C., after which point it began to fall 
otf. The results of another series of tests indicate 
that positive ion emission from the filament begins 
at a temperature somewhat above that which 
produced maximum electron current. These re- 
sults are in agreement with the theory that the 
thermionic activity of oxide-coated platinum 
filaments is probably due to a film of metallic 
barium and strontium produced by reduction of 
the oxides. 


THE WIRELESS ENGINEER 


R138.—SCATTERING OF ELECTRONS IN IONISED 
GasEs.—F. Penning. (Nature, 28th August, 
1926, p. 301.) 

A letter referring to Langmuir’s paper in the 
Physical Review of November, 1925, where it is 
stated that in investigations with a tube con- 
taining electrons with abnormally high velocities, 
no oscillations could be found. The writer has 
made experiments with a tube similar to the one 
used by Langmuir, however, and has detected 
oscillations when the velocities became abnormal. 
With appropriate values of emission, anode voltage 
and pressure, these oscillations could be brought 
on a Lecher system, the wavelength varying from 
about 40 cm. to 100cm. From his results, which 
are summarised here, the writer concludes that it 
is not impossible that the observed “ scattering 
of primary electrons '' is always accompanied and 
caused by these oscillations. 


R142.3.—DER EINFLUSS DER DAMPFUNGEN AUF 
DIE FREQUENZEN ZWEIER GEKOPPELTEN 
KREISE. (Influence of damping on the 
frequencies of two coupled circuits). — 
B. van der Pol, Jr. (Zeitschrift fir Hoch- 
frequenz., 28, 1, pp. 12-15.) 

A mathematical discussion with a graphical 
representation of the results. 


RI49-—SUR LES CONTACTS RECTIFIANTS.—H. 
Pelabon. (Comptes Rendus, 183, 6th Sep- 
tember, 1926, pp. 491-492.) 


The detection of electro-magnetic waves can 
be effected by a system, metal-dielectric-metal, 
in which the minimum thickness of the dielectric 
(generally air) is maintained practically constant 
by the intercalation of insulating granules (L’Onde 
Electrique, 52, p. 411, these abstracts, June, 1926, 
p. 386). This article deals chiefly with the prac- 
tical means of making such detectors. Various 
methods of depositing the intercalating powder 
on the surface of one of the metals.are mentioned 
and also ways for increasing the electric resistance 
of one of them, shown to be generally an advantage. 


Ri61 & 162.—THE AMPLIFICATION AND SELEC- 
TIVITY OF A NEUTRALISED TUNED ANODE 
CIRCUIT.—N. McLachlan. (EW. & W.E., 


3, 36, September, 1926, pp. 545-552.) 


R200.—MEASUREMENTS AND STANDARDS. 


R213.—CALIBRATION OF ULTRA SHORT WAVE- 
LENGTHS.—F. Aughtie. (E.W. & W.E., 3, 
37, October, 1926, pp. 633-634.) 


R251.—A VERY SENSITIVE VALVE GALVANO- 
METER.—Prof. G. W. O. Howe. (E.W.6- 
W.E., 3, 37, October, 1926, p. 634.) 


R261.—THE THERMIONIC VOLTMETER.—W. Med- 
lam and U. A. Oschwald. (E.W. & W.E., 

3, 37, October, 1926, pp. 589-598.) 
A first instalment of a paper giving the results 
of an experimental investigation of the performance 
of five different types of thermionic voltmeter 
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from the points of view of sensibility and range, 


possible frequency error, wave form error, input 


load, and stability of calibration. 


R281.—DIELECIRIC ABSORPTION AND THEORIES 
OF DIELECTRIC BEHAVIOUR (Whitehead), 


and THEORY OF ABSORPTION IN SOLID 
DIELECTRICS (Karapetoff). (Amer. Inst. 
Elect. Eng. Journ., 45, 9, September, 1926, 
pp. 888-894.) 


The discussion on these papers, which were 
published in this Journal of June, 1926, p. 515, 
and of March, 1926, p. 236, respectively. 


R281.—THE MECHANISM OF BREAKDOWN OF 
DIELECTRICS—P. Hoover. (Amer. Inst. 
Elect. Eng. Journ., 45, 9, September, 1926, 
pp. 824-831.) 

A critical study of existing theories in an attempt 
to obtain a working hypothesis that more nearly 
meets the stringent requirements of experimental 
facts. In a dielectric there is kinetic equilibrium 
between the ions and the molecules, and break- 
down will occur when that equilibrium is disturbed, 
regardless of whether the disturbance is due to 
mechanical strain, electrical strain, or to thermal 
effects. The three-fold nature of the phenomenon 
must be considered in a complete analysis of the 
problem, which it is thought has not been sutti- 
ciently realised in the past. 


R800.—APPARATUS AND EQUIPMENT. 


R321.--DER BAU DER BERGANTENNE AM HERZOG- 
STAND.—O. Scheller. (Elektrische Nach- 
richten-Technik, 3, 7, Pp. 241-255.) 


Detailed description of the construction of this 
unique aerial of a new German high-power station 
for communication with the Far East. Economy 
is practised by doing without masts altogether and 
suspending the aerial between two mountain peaks, 
as shown below :— 


HERZOGSTAND 1735 m 


| 


Several illustrations of constructional features are 
Shown including the earthing arrangement. 


R330.—THE LIFE-TESTING OF SMALL THERMIONIC 

VALVES—M. Thompson, R. Dudderidge 

and L. Sims. (Inst. Elec. Eng. Journ., 64, 
September, 1926, pp. 967-985.) 

A paper discussing the basis of a life specifi- 

cation for thermionic valves and describing their 

general characteristics in relation to the problems 
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involved. Solutions of these problems are con- 
sidered and a large installation for testing the life 
of valves is described. Typical examples of the 
results obtained are given. 


R343.—ON THE AMPLIFICATION OF ULTRA SHORT 
WAVES BY THE THERMIONIC VALVE.— 
H. Ando. (Journ. Inst. Elect. Eng., Japan, 
August, 1926, pp. 899-907.) 

If we try to amplify ultra short waves of 50 
metres or less with a valve amplifier, the inter- 
electrode capacity will become important, and the 
valve tend to oscillate, accompanied by a diminu- 


tion of the amplification per stage, consequently - 


until recently direct amplification of ultra short 
waves was considered impossible or impracticable. 
The author has been engaged on research of a valve 
high frequency amplifier, particularly of the tuned 
type, for some years, and devised the method of 
preventing inter-electrodc capacity coupling em- 
ployed extensively in broadcast receiving appa- 
ratus. He has now developed his earlier idea, 
a first account of which is given in this article. 
The new method is said to have proved 
superior to the simple so-called neutrodyne system 
in the 100-300 metre band and much more etfective 
in the ultra short wave regions. Circuit diagrams 
are shown, the description of which, however, is 
in Japanese. 


R343.—THE INFRADYNE.—H. Green. (Radio News, 
October, 1926, pp. 356-357.) 


Description of a circuit differing from thesuper- 
heterodyne in that instead of making use of the 
difference in frequency between the local oscillator 
and the incoming signal and amplifying this beat, 
the sum-frequency is utilised. Amplification is 
thus carried out on the very short wave of 95 
metres, instead of between 3,000 and 10,000 as in 
the superheterodyne. In addition to the total 
absence of interference from long-wave trans- 
mitting stations the advantage is claimed of the 
complete elimination of harmonics which are so 
prevalent in superheterodyne receivers. 


R343.8.—NEUTRODYNES.—S. Lwoff. (Radio Revue, 
5, Pp. 137-147, September, 1920; pp. I09- 
179, October, 1920.) 
The first two parts of a well-illustrated article 
on neutrodyne theory and practice. 


R344.9.— PIEZOELECTRISCHE RESONANZERSCHEIN- 
UNGEN (Piezo-electric resonance pheno- 
mena).— A. Scheibe. (Zeitschrift für Hoch- 
frequenz., 28, 1, pp. 15-26.) 

A survey of the subject arranged in the following 
five sections :— 


I. Piezo-electricity, comprising the following sub- 
sections : history of the piezo effect, piezo-electric 
crystals, demonstration and theory of the effect, 
piezo-electric properties of quartz and Rochelle salt. 


II. The piezo-electric resonator, comprising the 
subsections: Langerin’s resonator, experimental 
basis of quartz resonators, establishing resonance, 
absorption method—normal frequency, rendering 
the high-frequency longitudinal oscillations of 
piezo-electric plates visible. 
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III. The employment of quartz resonators as 
frequency standards—steel resonators—constancy. 
IV. Piezo-electric stabilisors and oscillators. 

V. Piezo-electric oscillographs. 
Literature consulted. 


R376.—ON THE CONDENSER-TELEPHONE.—G. 
Green. (Philosophical Magazine, 2, pp. 497- 
508, September, 1926.) 


A preliminary discussion of the mathematical 
theory of the condenser-telephone when used either 
as a receiver or transmitter. It is concluded that 
the instrument has that most important quality 
of reproducing the vibrations delivered to it 
uniformly and equally over a very great range of 
frequency, which has been amply demonstrated by 
the experiments in progress. Further, condenser 
telephones of low capacity show decided resonance 
effects and may be used in bridge-measurements 
or in heterodyne reception of continuous waves. 


R376.3. ]LOUD-SPEAKER EFFICIENCY.—C. Balbi. 
(Wireless World, 19, pp. 277-279, 25th 
August, 1926.) 


A brief classification of the sources of energy loss 
in a loud-speaker, and their relative importance. 


R382.—ON THE DESIGN OF AN INDUCTANCE COIL 
FOR AUDIO-FREQUENCIES WHICH HAS THE 
IRON CORE WITH THE AIR GAP.—H.Nukiyama 
and K. Nagai. (Journ. Inst. Elec. Eng., 
Japan, July, 1926, pp. 734-741.) 

It is usual in practice for inductance elements 
for audio frequencies to employ iron-cored induc- 
tances which have an air gap inorder to avoid bulky 
dimensions and to make the ratios of etiective 
resistances to their reactances as small as possible. 
In this paper the length of the air gap is obtained 
theoretically by the help of complex permeability, 
and some relations for the design of the iron-cored 
inductance are derived taking the leakage into 
account. . 


R385.—THE KEYING OF VALVE TRANSMITTERS.— 
W. Ditcham. (E.W. & W.E., 3, 30, pp. 
526-531, September, 1926.) 


R386.—DESIGN OF WAVE FILTER FOR ABSORPTION 
OF IRREGULARITIES OF DIRECT CURRENT 
PRESSURE WAVE AND APPLICATION OF 
ALUMINIUM CELL CONDENSER.—T. Ishiyama. 
(Journ. Inst. Elect. Eng., Japan, August, 
1926, pp. 908-935.) 


R388.—A METHOD OF OBTAINING THE BRAUN TUBE 
FIGURES IN RECTANGULAR CO-ORDINATES.— 
I. Yamamoto and K. Morita. (Journ. Inst. 
Elect. Eng., Japan, August, 1926, pp. 945-959.) 


R400.—SYSTEMS OF WORKING. 


R420.—ON THE WIRELESS BEAMS OF SHORT 

ELECTRIC Waves (III.).—S. Uda. (Journ. 

Inst. Elect. Eng., Japan, July, 1926, pp. 
712-724.) 

Further experiments in directional transmission 

on a wavelength of 4.4 metres are described. 
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According to the author's experience a parabolic 
reflector is not necessary ; a reflector consisting of 
vertical metal rods arranged along a polygonal 
base line drawn on the ground is equally etfective. 
The rods were spaced I.I m. apart and tuned to a 
half wavelength. When 19 reflector rods were 
used and the aperture of the reflector nearly 
equalled 2.7 wavelength, the radiated power was 
confined almost to an angle of 309. The paper 
also gives various types of directive antenne, for 
all of which the field measurements were carried out. 


R440.—THE REMOTE CONTROL OF BROADCAST 
RECEIVERS.—P. Hole. (Electrical Review, 
99, PP. 339-340, 27th August, 2926.) 


The article is discussed by F. Duffield in the issue 
of 3rd September, p. 402, to which P. Hole replies 
in the issue of roth September, p. 443. 


R487.—DER NEUE DREHSPULEN-SCHNELLSCHREI- 
BER VON SIEMENS AND HALSKE. (New ro- 
tating coil high-speed printer by Siemens 
and Halske.)—A. Jipp. (Zeitschrift für 
Hochfrequenz., 27. 6, pp. 175-177. 


Description of a new telegraph receiver for which 
the highest speed yet reached is claimed, also the 
ability to distinguish between signal and disturb- 
ance currents. 

Illustrations and specimen records are shown. 


R500.—-APPLICATIONS AND USES. 


R536.— WIRELESS NEws. (Electrician, 97. 
p. 370, 24th September, 1926.) 


Mention is made of recent experiments in the 
Limburg coal mines when intelligible signals were 
sent and received by wireless telegraphy through 
the earth. The wavelengths employed varied from 
30 to 50 metres, and it was found that communi- 
cation was more satisfactory in a lateral than in 
a perpendicular direction. 
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R570.—TELEARCHICS.—A. Castellain. (Wireless 

World, 19, pp. 255-262, 25th August, 1926.) 

The first of a series of articles dealing with the 

subject of distant control from both the theoretical 
and practical point of view. 


R580.—WIRELESS AND THE GRAMOPHONE.—A. 
Dinsdale. (Wireless World, 19, pp. 399-405, 
15th September, 1926.) 
An account of the application of electrical methods 
to gramophone recording and reproduction. 


R582.—PICTURE TELEGRAPHY AS A METHOD OF 
INVESTIGATING THE PROPAGATION OF SHORT 
Waves.—H. Rukop. (Elektrische Nach- 
richten-Technik, 3, 8, pp. 316-318.) 

See Abstract under R113. 


R592.2.— OVERSEAS RADIO SERVICES.—-C. Crawley. 
(Wireless World, 19, pp. 305-310, Ist 
September, 1926.) 

Notes on British stations engaged on imperial 
and foreign communication. 


R600.—STATIONS : DESIGN, OPERATION AND 
MANAGEMENT. 


R616.5.—RADIO-WIEN.—G. W. O. Howe. (E.W.& 
W.E., 3, 36, pp. 533-543, September, 1926.) 


Description of the new high-power Vienna broad- 
casting station. 


R800.—NON-RADIO SUBJECTS. 


Rooo.—THE B.E.S.A. GLOSSARY.—C. L. Fortescue. 
(Electrical Review, 99, p. 523, 24th Septem- 
ber, 1926.) 

A discussion of the points at issue between Prof. 
Howe and the B.E.S.A. Panels, showing that 
Prof. Howe’s sweeping criticisms may not be as 
fully justified as might at first sight appear. 


Esperanto Section. 
Abstracts of the Technical Articles in our last Issue. 


Esperanto - Sekcio. 


Resumoj de la Teknikaj Artikoloj en nia lasta Numero. 


R000.—SENFADENO ĜENERALE. 
- Ro50.—RESUMOJ KAJ ALUDOJ. 

Kompilita de la Radio Research Board (Radio- 
Esplorada Komitato), kaj publikigita laŭ aranĝo 
kun la Brita Registara Fako de Scienca kaj Indus- 
tria Esplorado. 


Ro64.—La NACIA RADIO-EKSPOZICIO. 


Revuo pri la konstrueroj kaj akcesoraoj mon- 
tritaj ĉe la lastatempa Nacia Radio-Ekspozicio 
ĉe Olympia, Londono. La temoj pritraktitaj 


estas Novaj Valvoj, Plenondaj Gas-Disŝarĝaj 
Rektifikatoroj, Alternkurentaj Bateriaj Elimiloj, 
Havigo de Filamenta Provizo el Alterna Kurento, 
Kontinukurentaj Potencialaj Dividiloj, Supersonaj 
Heterodinaj Desegnoj, Alt-tensiaj Akumulatoroj, 
Laŭtparoliloj, Simplaj Provaj Ekipaĵoj, kaj 
Diversaj Generalaj Desegnoj. En la sekcio pri 
Novaj Valvoj, oni donas utilajn informojn pri 
la konstantoj de la novaj tipoj. La artikolo 
estas bone ilustrita per fotografaĵoj de multaj 
el la partoj kaj akcesoraĵoj priskribitaj en la 
teksto. 
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R100.—GENERALAJ PRINCIPOJ KAJ TEORIO. 


R132.—EKZAMENO DE LA PROPRECOJ DE AŬDFREK- 
VENCAJ AMPLIFIKATOROJ PERE DE LA 
DUDDELL'A OSCILOGRAFO.—W. Baggally. 


La aŭtoro priskribas eksperimentojn pri la speco 
kaj grandeco de ondforma distordo produktita 
de aŭdfrekvencaj transformatore-kuplitaj ampli- 
fikatoroj. Unue oni mallonge priskribas la 
Duddell'an Oscilografon uzitan por la eksper- 
imentoj. La mezuroj estis faritaj je 480 cikloj, 
kaj estis desegnitaj por liveri informon pri (1) 
Indiko pri la speco kaj grandeco de ondforma 
distordo produktita de la «amplifikatoro sub 
laboraj kondiĉoj, (2) La tuta volta amplifo obtenita 
per difinitaj elmetaj kondiĉoj, (3) La pinta tensio, 
ĉe la unua krado, kaj la maksimuma permesita 
tensio konforme al foresto de troŝargo kaj rezulta 
distordo, (4) La plej bonaj funkciaj alĝustigoj 
por la amplifikatoro. Oscilogramoj obtenitaj sub 
diversaj kondiĉoj estas reproduktitaj kaj ĝeneralaj 
konkludoj tiritaj el la eksperimentaj rezultoj. 


R200.— MEZUROJ KAJ NORMOJ. = 


R213.—NORMIGO DE MALLONGEGAJ ONDOLONGOJ. 
—F. Aughtie. 


Se ondometro kun skalo de 100-200 metroj 
estas uzita por la normigo per harmonikoj de ege 
mallonga ondo, ekzemple, 5- aŭ 6-metra, oni 
renkontas malfacilecon eltrovi la ĝustan valoron 
de la harmoniko efektive koncernita. En la 
nuna artikolo, tabula metodo estas priskribita, 
per kio tiu-ĉi harmoniko estas facile trovita, kaj 
la mallonga ondlongo decidita kun multa precizeco. 


R251.—TRE SENTEMA VALVA GALVANOMETRO.— 
Prof. G. W. O. Howe. 


Priskribo, kun skizo, estas donita de aranĝo 
de kvar-elektroda valvo kiel valva galvanometro. 
Rezistanca retro-kuplo estas uzita, posedanta la 
ekvivalentan etikon pligrandigi la krutecon de la 
valva karakterizo ĝis dekoble de ĝia originala 
valoro. 


R261.—TERMIONA VOLTMETRO.—W. B. Medlam 
& U. A. Oschwald. 


La artikolo pritraktas la ĝeneralan funkciadon 
de valvaj voltmetroj, kaj diskutas ilian agadon 
laŭ la vidpunktoj de (a) Sentemeco kaj skalo, (b) 
Ebla frekvenca eraro, (c) Ondforma Eraro, (d) 
Enmeta Sarĝo, (e) Stabileco de Normigo. En la 
nuna parto, la tipoj traktitaj estas de la modelo 
““* Moullin,” uzantaj anodkurvan kaj amasigitan 
kradan rektifadon respektive. La diversaj 
rubrikoj estas bone ilustritaj per eksperimentaj 
rezultoj. Oni montras, ke la eraroj ondformaj 
estas pligrandaj ĉe la plilasta tipo, kiel ankaŭ 
potencperdoj. La artikolo estas daŭrigota. 


R290.—METODO NORMIGI MIKROFONOJN 
LAUTPAROLILOJN.—H. J. Round. 


Kaj 


Metodo estas priskribita por normigi mikrofonon. 
Produktilo de muzika tono funkcias tra sendistorda 
amplifikatoro sur metalan blokon funkciigantan 
la mikrofonon kaj ĝian asociitan amplifikatoron. 
Glitaj voltmetroj provizas por la determino de 
mikrofona enmeto kaj elmeto. Diagramo de la 
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aparato estas presita, kun priskribo de la muziktona 
produktilo kaj amplifikatoro. Tio-ĉi uzas du 
radio-frekvencajn oscilatorojn por produkti hetero- 
dinajn batojn de la bezonita aŭdebla frekvenco. 


R300.—APARATO KAJ EKIPAĴO. 


R355.51.—ALT-TENSIA REKTIFIKATORO POR 
MALALT-POTENCA SENDILO.—T. S. Skeet. 


Priskrito de transformatoro kaj sinkrona rektifi- 
katoro (kun komutaj kaj glatigaj aranĝoj), funk- 
cianta per provizo de 200 voltoj, 50 cikloj Alterna 
Kurento, kaj liveranta glatan Kontinukurenton 
je ĉirkaŭ 620 voltoj kaj gis 60 miliampermetroj, 
por malaltpotenca sendilo. Cirkvita diagramo 
kaj fotografaj ilustraĵoj estas donitaj, kaj la: 
eksperimenta disvolviĝo de la aparato priskribita 
por la bono de aliaj konstruistoj. 


R400.—APLIKOJ KAJ UZOJ. 


R401.—LASTATEMPAJ PROGRESOJ JE MALLONG- 
ONDA SENFADENA TELEGRAFIO. —H. Rukop. 
Traduko el la Telefunken Zeitung de Januaro 
1926A. 


En la nuna. parto la aŭtoro unue diskutas la 
antŭan historion de long-distanca interkomunikado, 
kaj montras ke la optimuma ondlongo, por, ek- 
zemple, Transatlantika funkciado, estis kalkulita kaj 


” eksperimente trovita esti 10,000—20,000 metroj. 


Li tiam diskutas la neatenditajn distancojn, 
kiujn oni trovis eblaj per mallongaj ondoj, kaj 
montras la ekziston de plua optimumo ĉe la 


mallongonda aro. Eksperimentoj pri la temo 
estas mallonge priskribitaj. Li poste diskutas 
kaj ilustras la distribuon de riceva intenseco 


ĉirkaŭ mallongonda sendilo, kaj transpasas al la 
funkcio de la ionizita tavolo kaj la diversaj teorioj 
pri ĝia funkciado, kiuj estas sugestitaj. La 
klarigo nun plejparte akceptita kiel ĝusta, estas, 
ke kurbigo de la radioj okazas, kaj ke ĉi tiu kurbiĝo 
estas efektivigita pro tio, ke la efektiva dielektrika 
konstanto estas malgrandigita ĉe la supraj tavoloj 
per kondukiveco, kaj la rapideco de propagado 
konsekvence pligrandigita. La artikolo estas 
daŭrigota. 


R431.—NOTOo PRI SISTEMO DE ATMOSFERAJAJ 
ELIMINOJ.—S. Butterworth. 


La aŭtoro pritraktas pri lastatempa patenta 
specifiko de M. L. Levy, priskribanta cirkviton por 
elimini atmosferaĵojn aŭ alian similan sokan 
ekscitigon. La cirkvito estas unu, ĉe kiu la aŭtoro 
jam antaŭe eksperimentis, kaj kiu, laŭ opinio lia, ne 
kapablas je tia elimino. La funkcio de la cirkvito 
estas diskutita kaj esprimoj derivitaj, laŭ kiuj 
oni montras, ke la sistemo pligrandigas anstataŭ 
malgrandigi la relativan gravecon de atmosferaj 
perturboj. 


R800.—NE-RADIAJ TEMOJ. 


R510.—MATEMATIKO POR SENFADENAJ KOMEN- 
CANTOJ.—F. M. Colebrook. 


La nuna parto pritraktas Logaritmojn. La 
temo estas dividita laŭ la rubrikoj, (A) Antaŭa 
Noto pri Funkcioj kaj ilia Grafika Reprezentado, 
(B) La Elmontra Funkcio, (c) Logaritmoj. Naturaj 
kaj Ordinaraj Logaritmoj estas pritraktitaj. kun 
ekzemploj. 
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| Correspondence. 


Letters oj interest to experimenters are always welcome. 


In publishing such communications 


the Editors do not necessarily endorse any technical or general statements which they may contain. 


The Properties of Audio-Frequency Amplifiers. 
To the Editor, E.W.& W.E. 


SIR,—As one who has from time to time experi- 
mented with L.F. transformers, more particularly 
in reflex sets, I found Mr. Baggally's article entitled 
“An Examination of the Properties of Audio- 
Frequency Amplifiers by means of the Duddell 
Oscillograph,”” in the October number of E.W.6E- 
W.E., very interesting. 

One is immediately struck by the small overall 
voltage amplification obtained and I cannot help 
thinking that a very serious degree of reverse 
reaction must be present. In support of this I 
would mention that I have found a demonstrable 
degree of interaction between two transformers 
of the make used by Mr. Baggally at separation 
distances up to 4 ft. 6in. if their core plates are 
in the same or parallel planes. I also found 
that by tipping them, after the fashion of the H.F. 
transformers in a Neutrodyne set, it was possible 
to bring them so close together as to be almost 
touching without appreciable interaction occurring. 
This method of mounting is not, however, generally 
convenient and I now always have at least one of 
a pair of transformers iron shrouded. 

As a contributory cause of the oscillation 
experienced under certain conditions, I would 
suggest that an appreciable amount of capacity 
reaction might be obtained between the oil- 
immersed elements of the Duddell Oscillograph 
since no earths or “ anchor points” are shown 
in the diagrams. 

The spurious oscillation apparent in Oscillogram 
6 is extremely interesting as it shows the type of 
voltage wave applied to the grid of a valve in a 
reflex set. Such a wave is inherently asymmetrical 
as in this oscillogram. The fact that, in the case 
of this amplifier, the modulations in H.F. wave 
are in step with the L.F. wave, indicates that an 
interference is taking place between the two waves, 
due to varying slope in that part of the characteristic 
of one or more valves within the set traversed 
by them. In a reflex set such interference will 
produce distortion and under certain conditions a 
characteristic howl (of which more anon). 

Wimbledon. D. KINGSBURY. 


Plate-current, Plate-voltage Characteristics. 
To the Editor, E.W.& W.E. 


SIR, —Your correspondent, Mr. I. A. J. Duff, 
in pointing out the erroneous reasoning in Mr. 
E. Green's article in your August issue, entitled as 
above, himself falls into error in the statements :— 

Eo a co aj the greater the voltage across 
tbe primary the greater the overall amplification. 
The greater the primary impedance the greater 
the fraction of p that is utilised ”; and 


a m . . the main law holds good that 
the transformer should be of the utmost possible 
impedance and not of equal impedance with the 
valve as it would have to be for maximum power 
amplification.” 

The notion that transformer primary impedance 
should be equal to that of the valve is not an error, 
and should therefore not be “' laid to rest.” When > 
a valve is utilised with an anode pure resistance 
choke or tuned circuit and the potential for 
operating the next valve is taken, via a condenser, 
from the anode itself, then it is true that the greater 
the anode impedance, the greater is the fraction 
of p that is utilised. In this case u, the voltage 
amplification factor of the valve, is a measure of 
the ideally obtainable step-up. 

When, however, the primary of a transformer 
constitutes the anode impedance, whether that 
transformer be an unloaded (nearly) intervalve 
transformer, a loaded telephone (loud-speaker) 
transformer, or a loud speaker itself (considered 
as a transformer), then it is true in a general way 
that for maximum activity in the primary its 
impedance should be equal to that (1.e., to the anode 
A.C. resistance) of the valve. 

We say “ in a general way ” because such a law 
is meaningless in the exact sense unless the exact 
manner is specified in which each variable upon 
Which it depends is made to vary, 

We use the word “ activity '” as a name for the 
quantity measured by voltsx amperes, just as 
power is a name for the quantity measured by 
watts. '' Activity'' embraces its particular case 
of power. 

It is not possible in a letter fully to explain 
this matter—an article on the subject would be 
necessary. However, when the laws of variation 
are such, for instance, that the etfective resistance 
R of the winding, the inductance L, and therefore 
also the reactance X at a given frequency, vary 
proportionally, as the fineness of the winding 
is increased, not only do we get the. maximum 
power, viz.: IZR watts, when the winding 
impedance is equal to that of the valve, but also 
maximum “activity,” viz.: 12/ R2--X?2 volt- 
amperes, and therefore also maximum 72x effect 
(wattless volt-amperes). And in this case it is 
xm, the mutual conductance, and not u alone 
that is a measure of the ideal activity amplification. 

Though strict proportionality of reactance to 
resistance would, at any rate if iron is present, 
never obtain, it does so sufficiently nearly to serve 
as a basis upon which to build up an approximate 
law, such as the one in question. It is a fair 
approximation, not incorrect in principle. Further, 
it is nearly correct with windings of various 
degrees of fineness in a given winding space that 
either quantity, resistance or reactance at a given 
frequency, is proportional to the square of the 
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number of turns. Hence the I2X or wattless volt- 
ampere effect is proportional to the square of the 
magnetising ampere-turns. At once it follows 
that the maximum alternating core-flux and 
therefore the maximum voltage of a given 
secondary occurs when the impedance of the 
primary is equal to that of the valve. 

There are various reasons, which cannot be gone 
into here, why the particular frequency for which 
the primary impedance of an audio intervalve 
transformer should be made equal to that of the 
valve, should be one quite low in the audio scale, 
after which the primary should be tuned to a low 
audio-frequency by the addition of a small 
parallel condenser, as is done in one of the latest 
and best transformers to be placed on the market ; 
but it is an error of principle to say that because 
we want volt-amplification, the primary of the 
transformer of the valve-transformer combination 
must be of the highest possible impedance. 

Derby. E. FOWLER CLARK, 

B.Sc., B.A., A.M.LE.E. 


Resistance Amplification. 
To the Editor, E.W.& W.E. 


Sır, —The curve enclosed relates to an earlier 
experiment with the circuit shown, considerably 
better results have since been obtained with another 
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tvpe of valve. The readings denoted by x were 
taken on an electrostatic voltmeter while those with 
the circle were taken on a Moullin type voltmeter. 

Great care was taken to verify the readings 
especially those at the extreme ends. 
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The circuit is by no means a freak one, but it is 
capable of giving results which compare very 
favourably indeed with the best type of L.F. 
transformer. 

Your correspondent, Mr. Duff, menttons two 
instances where the megohm resistances are 
employed in resistance-coupled amplifiers. 

The writer has an L.F. resistance-coupled 
amplifier with an anode resistance of 5 megohms 
which has been in daily use since 1923. This 
resistance is composed of a strip of leatheroid 
about 0.1 in. broad and 2 in. long, rubbed over with 
a lead pencil and its surface polished. This strip 
is inserted in a piece of leatheroid and fitted with 
brass clamps at either end. The resistance is 
connected to a 50-volt H.T. supply. The coupling 
condenser is 0.00002pF. Reaction is not employed 
owing to the extremely low anode current. 

A grid-leak is not used but a suitable (slightly 
neg.) grid bias is automatically maintained by the 
grid condenser alone. The valves used at present 
are a DE3b and a B.T.H. Bo, the latter working 
with 130 volts on plate and the former with 50 volts. 

The following particulars give some indication 
of the strength of reception obtained with the stage 
at a distance of about 4 miles from local station. 

A neon lamp was connected between anode of 
last valve and the H.T. neg.-terminal. Thislamp 
glowed with a continuous flicker while receiving 
local broadcast. 

This lamp was tested (keeping polarity the same) 
and found to strike up at 175 volts. Thus the 
voltage across the 100-volt battery and loud- 
speaker in series exceeded 175 volts. The battery 
volts were tested by means of an electrostatic 
voltmeter. 

The fact that the original resistance is still in use 
speaks well for the permanency of a graphite 
resistance. 


Glasgow. A. ROBERTSON. 


Fading. 
To the Editor, E.W.& W.E. 


SIR,—I think that the statement of Dr. Oliver 
Hall, that “ Fading is an Irregular Phenomenon,” 
is quite correct, at any rate, such has been my 
experience, covering several years of marine opera- 
ting in various parts of the world. I am of the 
opinion that no curves can be plotted, or formula 
deduced, to cover the “mystery” of fading. 
Certainly not for any great expanse of the globe, 
as fading in ditterent parts of the earth is no doubt 
caused by various reasons. Hence, any set of 
rules or curves which may be applied quite suc- 
cessfully in, say, the British Isles, would be totally 
inapplicable in any other part of the earth, owing 
to the great difference in local conditions, governed 
by weather conditions, temperatures, rarefication 
of the atmosphere, also due to physical features of 
the earth such as the presence of conductors, iron 
ore deposits, etc. In support of the latter statement 
let me relate, on a vovage up Spencer Gulf in 
South Australia, in daylight, a strong wind sprang 
up, increasing to gale force, but with no sign of 
ram. On touching the earthing switch I received 
quite a shock, and found that a spark of half an 
inch in length could be obtained from aerial to 
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earth owing to the former being charged with 
static electricity. These conditions prevailed for 
half an hour, then gradually ceased. During this 
time the signals from Adelaide Radio, VIA, faded 
out completely, though the distance was only about 
20 miles. This “electrical storm ” was due, in 
my opinion, to the presence of vast deposits of iron 
ore in the locality, both on land and under the sea. 
In this country the atmosphere is rarefied to a much 


greater extent than north of the tropics, and to this . 


is due the greater distances over which reception 
may be had with equivalent apparatus. We are 
troubled greatly with fading towards the hinter- 
land of Australia particularly on the lower broad- 
cast band, 300 to 400 metres. But as yet I have 
heard of no fading effects being noticed over the 
Pacific Ocean, which, I think, goes to prove that 
the physical features of the land are the cause of 
many instances of fading, owing to the varying 
condition of the atmosphere, due to alternate heat 
and rain. Why is it that often a shower of rain 
will increase the range and clearness of reception 
of signals ? 

In conclusion, I would say that, were observations 
made simultaneously in different parts of the 
world, the data so obtained would go to prove that 
fading cannot be reckoned with as a regular pheno- 
menon, but will be found to be due to the causes 
above stated. 

A. C. JACKSON 

(Senior Operator), 
Brisbane, Station 4QG. 
Australia. 


The Sodion Tube. 
To the Editor, E..W.& W.E. 


Sır, —I noticed in the August, 1926, issue of 
E.W. & W.E. a discussion by Mr. G. G. Blake in 
regard to the “' Sodion ”’ tube and Captain Ecker- 
sley's reply. 
information that the “Sodion '' never made a 
startling success in this country. The tube was 
theoretically a wonderful thing, but it failed to 
measure up in practice. True, it did detect and 
amplify and did not oscillate but there were faults 
which I cannot explain here. To Captain Eckersley 
I would say in reply to his statement that he has 
“never met a valve which will amplify but not 
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I would like to say for Mr. Blake's 
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oscillate ' that a few years ago the statement was 
made that a crystal could not be made oscillate. 

I also noticed that there was considerable dis- 
cussion about power supply devices. There has 
recently been brought out in this country a new 
filamentless rectifier tube called the ‘‘ Raytheon.”” 
Several of the better manufacturers of transformers 
and like accessories in this country are making the 
supplementary parts necessary to assemble a 
complete “ B” battery eliminator. The complete 
units are excellent —no hum, wide range of voltages 
obtainable simultaneously, and a high current 
output. 

If any of your readers care to know more about 
this or any other American radio product, if they 
will write me I will be very glad to give them any 
information I can. 

WILBUR C. BROWN. 

Holtville, Cal. 


A Very Sensitive Valve Galvanometer. 
To the Editor, E.W.& W.E. 


Str,—With reference to the article on “ A 
Very Sensitive Valve Galvanometer '' it can be 
remarked that the circuit described is not a new 
one. An exhaustive description of it was given 
by me nearly two years ago in the Dutch review 
Radio Nieuws." This article also mentions the 
result of tests in which the slope of the characteristic 
was increased to 200MmA/volt over a range of 
0.0001 volt. With an output resistance of only 
2,000 ohms an effective voltage amplification of 
400 was obtained over that range. The circuit 
was also employed as an amplifier of alternating 
currents, for which it was pointed out that capacity 
and still more inductance must be carefully avoided 
in order to obtain satisfactory results. 

The reader, who wishes to obtain more par- 
ticulars as to the behaviour of the scheme, can 
refer to Mr. Turner’s article on the Kallirotron, 
which is an equivalent circuit obtaining single 
grid valves.t 

Rijswijk Z. H., 

Holland. 


H. O. ROOSENSTEIN. 


* Radio Nieuws, February, 1025. 
+ Radio Review, I, 317, 1920. 


Books Received. 


“ Dictionary of Wireless Technical Terms.”’ 

IRELESS experimenters, students and ama- 

W teurs will welcome the very serviceable and 

compact little Dictionary of Wireless Tech- 

nical Terms which has been compiled by Mr. S. O. 

Pearson, B.Sc., A.M.LE.E., and is published by 

Messrs. Iliffe & Sons, Ltd., for the very modest 
sum of 2s. net or 2s. 3d. post free. 

Nearly everyone, in his reading, comes across 
terms and expressions of which he does not know 
the meaning or of which he desires an exact defini- 
tion, and this volume, which can be carried in the 


pocket, affords a convenient source of ready — 
reference. Ample definitions are given of all 
technical terms commonly encountered and highly 
technical language has been avoided as far as 
possible. An extended system of cross-references 
makes it possible for the information to be under- 
stood by those possessing the minimum knowledge 
of wireless theory and practice. 


The book, which contains 254 pages, is well 
illustrated, and, wherever necessary, an explanatory 
diagram has been added to a definition to enable 
it to be understood more easily. 
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Amateur Long-Distance Work. 


Started, we have been accustomed to 


Fan since long distance amateur work 
hearing about this time every year 


remarks to the effect that the “ real DX 
season ” was about to start. Most of us, 
however, thought that last autumn was 


the last occasion on which this annual 
remark could be made with any degree 
of truth; that, in fact, the use of wave- 
lengths of about 40 metres was going 
practically to abolish the seasonal variations 
in DX conditions. This opinion has been 
justified to the extent that touch has been 
kept up with most of the world right through 
the year, but the amount of work done 
during the summer was very small indeed 
compared with that normally done in the 
winter, and this is probably not entirely 
due to the smaller number of stations working 
in the summer. It seems that conditions 
are getting decidedly better, and certainly 
more stations are working now, so we may 
say, once again, that the “ real DX season ” 
is about to start. 

Everyone will agree that it is being well 
started by the “ QRP week ” organised by 
the Radio Society of Great Britain. 
this (the first week in November) all stations 
are asked to limit their power to 5 watts 
input on the 45-metre band during the 
usual amateur working hours, and to keep 
an exact log of all working. They are further 
asked to make sure that the note of their 
transmissions is “pure D.C.” This last 
rule is intended to prevent unnecessary 
Jamming, but it has a further importance in 
that differences in reported signal strength 
will not be due to possible differences in 
note-readability. 

Apart from the limitation of power to 5 
watts, the anode voltage used must not 
exceed 220 volts, but it is difficult to see 
any justification for this rule. Five watts 
is a perfectly definite power, and to rule the 
voltage and current which must comprise 
it seems a definite bar to research, though 
from the purely competitive point of view 
it doubtless makes the tests fairer for those 
who only have 220 volts available. 


During 
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Amateurs in all other countries are being 
asked to co-operate, and so the tests should 
produce some useful data. 

A point which is worthy of mention at the 
present juncture is the extremely low 
standard of operating which prevails at 
present on the amateur waves. At the time 
of the early work with America, and even 
later, amateurs took some pride in a good 
“ fist ” and good operating procedure. Now, 
unfortunately, most of the older stations 
are not working, and those who have taken 
their places, though good stations technically, 
are operated in such a way as to make them 
an absolute nuisance to others, besides 
greatly prejudicing their chances of obtaining 
the reports they so often ask for. In view 
of the present state of affairs we may be 
forgiven if we repeat the “ procedure ” of 
good operating. To call a station, send his 
call-sign three times, then the “ interme- 
diate,” then your own call-sign three times, 
and repeat the whole three times, then go 
over and listen. Many operators have 
great difficulty in believing that this is 
enough, but it is much more likely to get 
a reply than 40 calls, three intermediates 
and one signature (a case heard recently 
from a British station), and it does not 
occupy the ether so long. If a reply is not 
obtained the call can be repeated alter 
about 20 seconds listening, and nothing is 
lost, but if you do get a reply (as is probable) 
or you find the other station already busy, 
the rest of a long call is saved as well as the 
patience of others listening. 

- When in touch with a station, send each 
of your words once unless asked to send each 
twice. It has become much too common to 
send each twice. Finally, never send faster 
than you can send accurately. It is not a 
crime to be a slow operator, but it is a crime 
to pretend to be a faster one than you are, 
and some of the operating now heard is 
quite unreadable. These references to operat- 
ing are made at the request of a number of 
amateurs who have noticed the great decline 
in operating standard during the past year 
or SO. H. N. R. 
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The following abstracts are prepared, with the permission of the Controller of H. M. Stationery Office, from 
Specifications obtainable at the Patent Office, 25, Southampton Buildings, London, W.C.2, price 1|- each. 


A NEUTRALISATION SCHEME. 


(Application date, 9th July, 1925, and 20th January, 
1926. No. 257,708.) 


A torm of neutralised or balanced circuit is 
described by the Igranic Electric Company, Limited, 
and P. W. Willans in the above British Patent. 
The arrangement is somewhat similar to the 
neutralised circuit which was described in last 
month's issue of E.W. 6 W.E. Essentially, the 
invention consists in connecting the primary 
winding of the neutralising transformer in series 
with an impedance across a tuned input circuit. 
Several arrangements are described in the specifica- 
tion one of which is illustrated by the accompanying 
diagram. A tuned input circuit comprises an 
inductance L, and capacity C;, which, incidentally 
is referred to in the specification as an auto-trans- 


former, having both its primary and secondary 
windings constituted by one and the same coil. 
The neutralising transformer consists of an in- 
ductance L, and an inductance L, tuned by a 
condenser C,. The winding L, is connected 
. between the grid of the valve V and the top end 
of the inductance L,, the other winding of the 
transformer L, tuned by the condenser C,, being 
connected between the filament and the top end 
of the inductance L, through an impedance X, the 
nature of which is not mentioned in the specification. 
A reaction coil La, included in the anode circuit, is 
shown coupled to the inductance L,. It is stated 
that the system neutralises either the inductative 
or capacitative coupling. 


ATMOSPHERIC ELIMINATION. 


(Convention date (Germany), 23rd May, 1925. 
No. 252,409.) 


A rather ingenious system of atmospheric 
elimination utilising the principle of the Kerr cell 
is described in the above British Patent by 
Telefunken Gesellschaft für Drahtlose Telegraphie. 
The system consists in connecting the receiving 
aerial to two slightly detuned circuits, the effects 
of which balance out when both tuned circuits are 
shock excited, but do not balance out when they 
are differentially affected by an incoming signal. 


The accompanying illustration should make the 
invention quite clear. Here it will be seen that the 
aerial circuit comprises an aerial, an earth con- 
nection and two inductances L, and ZL, the 
whole being tuned by a condenser C. Potentials 
set up across the inductance L, and L, are trans- 
ferred by inductances L, and L4 through lines 
X and Y, to two tuned circuits Lg C, and L, C;, 
the two circuits being tuned one slightly above 
and the other slightly below the desired frequency 
of reception. These two tuned circuits are 
connected to rectifying valves V, and V,, the anode 
circuits of which are shown to contain inductances 


xi 
l 


NA 


the 
potentials being taken across two resistances R, 
and R, respectively. The potentials across the 
resistance R, are connected to the two plates of 
the Kerr cell condenser K,, while those across the 
resistance R, are taken to the two plates of the 


and resistances, rectified low frequency 


second cell A,. The two cells K, and K, are 
arranged so that the planes of the condenser plates 
are at right angles. A source of light H is directed 
by a lens and polarising prisms P, the polarised 
light passing longitudinally through the nitro- 
benzine or similar dielectric in the first cell K,. 
The light then passes through the dielectric of the 
second cell A,, and is finally taken through an 
analyser M, where the light impinges upon a 
moving sensitised film F. The arrangement 
functions in the following manner: If the aerial 


November, 1926 


system is affected by an atmospheric discharge 
the two tuned circuits L C, and Ls C, are shock 
excited at their natural frequency, substantially 
equal voltages being produced between the grids 
and filaments of the two valves V and V,. These 
voltages are amplified and passed on to the two 
cells K, and K,. A given voltage across the 
electrodes of the cell K, will rotate the plane of 
polarisation through a given angle. A similar 
voltage, however, accompanied by an equal change 
of the plane of polarisation, will be obtained from 
the other valve system. However, since the plane 
of the two plates of the two cells are at right 
angles, the two shifts will cancel out and no 
light will pass through the analyser. In other 
words, the effect of an atmospheric discharge upon 
the receiving system will not influence the signal 
recorded at all. However, in the case of received 
desired signals, unequal voltages will be obtained 
from the two rectifying valves, and the shift pro- 
duced by one Kerr cell will not be counteracted 
by the shift produced by the other cell, with the 
result that the light falling on the moving film will 
vary in intensity, thereby faithfully recording the 
signal. 


VOLTAGE REGULATION OF MAINS (UNITS. 


(Convention date (U.S.A.), 6th February, 1925. 
No. 247,213.) 


One of the chief troubles which is experienced 
in the utilisation of valve rectifiers for obtaining 
anode current supply from the mains lies in the 
fact that the voltage is apt to change very con- 
siderably with the variation of load taken by the 
receiver. A scheme which overcomes this difficulty 
is claimed by Marconi's Wireless Telegraph Company 
and F. H. Kroger in the above British Patent, 
which should be quite clear by reference to the 
accompanying illustration. A transformer T pro- 
vides the high voltage for the two rectifying valves 
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V, and V,, the valves being used for full wave 
rectification in conjunction with a centre tap on 
the secondary of the transformer. The output of 
the rectifier is taken through a form of x filter 
comprising two condensers C, and C,, on either 
side of an inductance L shunted by a capacity C}. 
Normally, the load, such as the current used by a 
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receiving circuit, is taken across the points X and Y, 
and is represented diagrammatically as Z. Accord- 
ing to the invention, however, a resistance R is 
connected across the points X and Y, of such a 
value that the current flowing through it is very 
considerably greater than the current flowing in 
the load circuit. This results, of course, in any 
small variation in the load current making very 
little difference to the joint impedance of the 
circuits Z and R. In other words, the voltage 
across R, or the part which is tapped off in circuit, 
remains substantially constant. 


A PECULIAR AMPLIFIER. 
(Application date, 21st March, 1925. No. 256,998.) 
A very peculiar amplifying circuit consisting 
of a three-valve arrangement which is claimed 
to have the amplification of a normal five or six 


valve receiver is described in the above British 
Patent by J. Wilcockson and H. W. Roberts. It 
is stated that various valves acting in a reflex 
manner amplify both radio and audio frequencies. 
It will be seen that a tuned circuit L, C,, pro- 
vided with an aerial and earth, is connected 
between the grid and filament of the first valve 
V, through a negative bias battery B,. The anode 
circuit of the valve contains a reaction coil L}. 
coupled to the inductance L,. Another circuit 
L, C, is connected between the upper end of the 
circuit L, C, and the grid of the valve V,. again 
through a bias battery B,, the other end of the 
tuned circuit being connected to the anode. The 
inductance L, is coupled to another inductance 
La, which is in series with the telephones and the 
anode of the valve V;. The telephones are also in 
series with one winding of a transformer T, the 
other end of which is connected to earth, and the 
secondary of the transformer is connected between 
the grid of the last valve and to earth through a 
condenser C}. One point which we notice is that 
the high tension battery H appears to be short- 
circuited to earth through the telephones and one 
winding of the transformer T. The specification 
also stated that low frequency potentials are 
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induced from the inductance L, into the aerial 
tuning coil L,. We believe, however, that the 
circuit is similar to that used in the ‘‘ Retrosonic '” 
receiver. Readers who are interested in the 
arrangement are referred to the specification, where 
they will find full details concerning the actual 
values of the coils and condensers. 


STABILISING AMPLIFIERS. 


(Convention date (U.S.A.), 26th July, 1924. 
No. 237,553.) 


A resistance method of stabilising high frequency 
amplifiers is described in the above British Patent 
by Atwater Kent Manufacturing Company and 
A. D. Silva. Resistances have previously been 


x 


employed for stabilising purposes in multivalve 
amplifiers by including them in the anode circuit, 
either in series with the tuned circuit or an 
impedance, or across the tuned circuit so as 
to increase the damping, and thereby reduce the 
voltage variation across the circuit € While 
stabilising the amplifier this system materially 
lowers the amplification, and also very considerably 
decreases the selectivity. According to this 
invention, however, stabilisation is obtained by 
the inclusion of resistances in series with the 
grids and tuned input circuits of the valves. The 
accompanying illustration should make the invention 
quite clear. A series of radio frequency trans- 
formers (H.F.) are used to couple together the 
three valves. The secondaries of the transformers 
comprise inductances L tuned by condensers C 
and connected between the filaments and the grids 
through the resistance. The inherent capacity 
coupling between the anodes and grids is shown 
dotted at K. Thus it will be obvious that if any 
capacity effect be transferred from the anode 
circuit of the valve to the critically tuned input 
circuit LC the current has to flow through the 
resistance. The resistances are made of such 
a value that the transference of voltage is in- 
sufficient to cause the valve to generate continuous 
oscillations. Since the resistances are in series 
with the grids they do not have any very material 
effect upon the sharpness of tuning, but, of course, 
tend to lower the overall amplification. 
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THE ELECTRICAL CONTROL OF LIGHT. 
(Convention date, 20th June, 1924. No. 235,857.) 


The above British Patent, No. 235,857, 
granted to Dr. A. Karolus, describes a method of 
electrically controlling a beam of light which can 
be applied to wireless television or for controlling 
purposes. The invention really consists in the 
utilisation of a Kerr cell. The accompanying 
diagram illustrates the arrangement of the Kerr 
cell and its associated electrical circuit. The Kerr 
cell consists essentially of an electrostatic con- 
denser having some liquid or colloidal dielectric 
through which polarised light is passed. Thus a 
source of light S impinges upon the polarising 
arrangement such as a nicol prism device, con- 
sisting of a double convex lens L and two prisms P. 
The electrostatic condenser, comprising the Kerr 
cell, consists of two plates A and B having a 


dielectric D, such, for example, as nitrobenzine. 
A similar prism arrangement P, and lens L, acts 
aS an analyser concentrating the light upon the 
screen O. Under the influence of a voltage between 
the two plates A and B the plane of polarisation of 
the light is altered thereby causing the beam of 


light to change in intensity. Since the rotation of 
the plane of polarisation occurs simultaneously with 
variation of voltage that is, there is no lag, the 
device is readily applicable to television purposes, 
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The illustration shows one method of controlling 
the light simply by a varying source of current 
produced by the microphone M, and a battery C 
connected through a transformer T, to the grid- 
filament circuit of a valve, the output of which 
contains another transformer T',. Voltages pro- 
duced across the secondary of this transformer 
are applied directly to the plates A and B of the 
Kerr cell, thereby controlling the light beam as 
previously mentioned. The specification gives 
details of several methods of utilising the system. 


ANOTHER STABILISED AMPLIFIER. 


(Application date, 20th October, 1925. No. 257,122.) 


Another form of resistance stabilised amplifier 
is described by L. L. Jones in the above British 
Patent. Essentially the invention consists in 
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providing a critically tuned input circuit and an 
untuned anode circuit, the natural frequency of 
which is higher than the highest frequency to 
which the tuned circuit is to be tuned, further 
stabilisation being obtained where required by the 
inclusion of series resistances. The accompanying 
diagram, which illustrates one arrangement of the 
invention, shows five cascaded valves with the 
sixth valve used as a detector. The aerial consists 
of a frame L,, tuned by a capacity C,, connected 
between the grid and filament of the first valve. 
The anode circuit contains an inductance La, which 
is coupled to an inductance L, tuned by a condenser 
C,. The anode circuit also contains a resistance 
R, which is of the order of 1,000 ohms. The output 
of this circuit is connected through another 
inductance L, connected to an untuned inductance 
L, connected between the grid and filament of 
the next valve, another resistance R, being con- 
nected in series with the anode inductance L4. 
The resistance, in this case, is of the order of 
3,000 to 5,000 ohms. The successive stages are 
coupled by inductances L., L and Lg, two of which 
are in series with resistances R, and R, res- 
pectively, again of the order of 3,000 to 5,000 
ohms. 
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A REFLEX RECEIVER. 


(Application date, 12th May, 1925. 
No. 256,688.) 


The above British Patent, granted to A. G. 
Benstead and Rotax (Motor Accessories) Limited, 
described two reflex circuits, one of which is shown 
in the accompanying illustration. The anode 
circuit of the first valve contains a high frequency 
transformer H, the secondary of which is tuned 
by a condenser C,, and is connected to the grid 
circuit of the second valve V,. The anode circuit 
of this valve includes a low frequency transformer ' 
T, the secondary of which is connected to the grid 
circuit of the first valve V,. The anode circuit 
of the first valve V, constitutes a frame aerial F 
tuned by a variable condenser C,, the frame aerial 
F being inductively coupled to an open aerial 
A. The telephones, of course, are included in 


the anode circuit of the first valve as shown. A 
by-pass condenser C, is connected across the 
secondary of the transformer T. 
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Editorial. 


The Inauguration of the Canadian Beam 
Service. 
HE past month has been one of great 
f interest and satisfåction to the British 
radio engineer. For many years we 
have lived under a cloud, for although it 
was in England that the first developments 
of radio took place and although the first 
signals to bridge the Atlantic were radiated 
from Cornwall, we seemed to have fallen 
behind in the large scale applications of this 
new means of communication. Germany 
had its Nauen, France its Sainte Assise, 
the United States their Rocky Point, while 
we had a succession of commissions and 
committees. This was the more humiliating 
because of the obvious applicability of this 
new means of communication to the special 
needs of our widely scattered Empire and 
also because of our previously unchallenged 
leadership in transoceanic communication 
due to the pioneer activities of our submarine 
cable engineers. Whether we have ulti- 
mately lost in any way by our policy—or 
rather by the effects of our lack of policy— 
is open to question. Development has been 
so rapid that, had an Imperial chain ot 
stations been erected a few years ago when 
great pressure to this end was brought to 
bear on the Government, the stations would 
now be obsolete or rapidly becoming so. 
The position is now entirely changed. 
With the erection of the Rugby Station we 
took our place among the countries able to 


communicate with the farthest points on 
the earth's surface by means of high-power 
long waves. Whatever may have been 
said about the cost of the station—and we 
have heard it described by a leading foreign 
radio engineer as the most expensive station 
ever erected—no one has ever questioned 
its technical excellence. With the opening on 
21st October of the short-wave beam service 
between this country and Canada, we have 
taken our place in the very front rank of the 
nations in the use of radio communication. 
The new system differs from the old in two 
respects, viz., in the shortness of the wave- 
length and in the use of a directed beam. 
There has been some discussion as to 
whether the priority in the discovery of the 
wonderful ranges obtainable with wave- 
lengths below 100 metres belongs to Senatore 
Marconi or to those enthusiastic amateur 
transmitters who were confined to such 
wavelengtbs to keep them out of mischief. 
Whatever views one may hold on this point, 
one cannot question the claim of the Marconi 
Company to have developed the beam system 
to a high stage of technical excellence. The 
stations have been erected by the Company 
for the Post Office under guarantees which 
everyone regarded as extremely stringent. 
The Canadian service was subjected to tests 
between 7th and 14th October and, we 
understand, more than fulfilled the guarantees. 
In this country the transmitting station is 
at Bodmin and the receiving station at North 
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Petherton near Bridgwater; in Canada the 
transmitting station is at Drummondville, 
30 miles east of Montreal, and the receiving 
station at Yamachiche, 25 miles north of 
Drummondville. The English stations are 
operated by land line from the G.P.O. in 
London, whilst the Canadian stations are 
connected in the same way to the office of 
the Canadian Marconi Company in Montreal. 
For the Canadian service it was stipulated 
that communication at a speed of 500 letters 
per minute each way (excluding repetitions) 
should be possible during a daily average of 
18 hours. During the seven days’ test the 
average reached was 600 letters per minute, 
and for many hours it was possible to work 
at a speed of 1,250 letters per minute in 
each direction. If this can be maintained 
and, apart from occasional electrical storms of 
exceptional severity, we see no reason why 
it should not, it represents a great increase 
in our means of transatlantic communication. 
It is stated that the speed is limited at present 
by the permissible speed of signalling over the 
land-line connections at each end and by 
the mechanical limitations of the present 
transmitting and recording apparatus. 
Improvements in these links in the chain 
will enable the overall speed to be increased. 
It is too early yet to expect very detailed 


information as to the improvement due to. 


the beam system as compared with non- 
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directed short-wave transmission, but it 
has been stated that the Canadian signals are 
about a hundred times as strong due to the 
use of the beam system. One will await with 
interest some data on the fading experienced 
with the Canadian service. 

A number of other beam stations are 
nearing completion, those for South Africa 
being on the same sites as those for Canada. 
The stations for India and Australia are being 
erected on the east coast, viz., at Tetney 
near Grimsby and at Winthorpe near 
Skegness. These are all being erected for 
the Post Office as a part of the Imperial 
scheme. In addition to this, however, the 
Marconi Company are erecting a beam station 
at Dorchester for communicating with North 
and South America under the terms of 
a licence permitting them to conduct wireless 
telegraph services with certain Continental 
countries and with foreign countries outside 
Europe. 

The most interesting experiment will be 
the Australian beam service; here the 
distance is nearly half-way round the globe 
and the probability of the directional system 
being superior to the non-directional de- 
creases as one approaches the Antipodes. 
Our doubts on this point will soon be resolved, 
however, as we understand that the stations 
for this service are rapidly approaching 
completion. 
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obtaining Frequency’ 


Stabilisation of a Transmitter by means of an 
Oscillating Quartz Crystal. 


By C. W. Goyder (2SZ—2HM). 


veloped by the writer of employing the 

oscillating quartz crystal to obtain a 
constant frequency at a transmitter, which 
has considerable advantages over the method 
of pure high-frequency amplification at 
present in general use. 

The principle involved is that when two 
high frequency oscillators of nearly the same 
frequency are coupled together there is 
a tendency for them to synchronise.* This 
effect is readily noticeable when an attempt 
is made to calibrate an oscillating receiver 
with a heterodyne wavemeter which is placed 
too close to the receiving set. When the 
frequency of oscillation of the receiver and 
wavemeter are approximately equal, this 
tendency to synchronise causes both 
oscillations to shift slightly from their 
original frequency to a position in which the 
frequency difference is less. If the oscilla- 
tions are strong they will actually synchronise, 
giving a frequency in between the two 
original frequencies, the actual value of 
which is dependent upon the relative 
strengths of the two oscillations. 


“Te article describes a method de- 


Fig. 1. 


Fig. 2. 


In the case of an oscillating receiver close 
to a broadcasting station it is found that there 
is quite a large range over which the tuning 
condenser may be moved without a beat note 


€ For the theory of this ettect see the Proc. Cam- 
bridge Phil. Soc., Vol. 21, page 231. “ The Automatic 
Synchronisation of Triode Oscillators,” by E. V. 
Appleton. 


„best for short wave transmission. 
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being produced. Over this range the fre- 
quency of oscillation of the receiver is held 
in step with that of the transmitting station, 
due to the synchronising effect. In this 
case the latter frequency is fixed while the 
receiver frequency is variable. 


Fig. 3. 


In Fig. I is shown a circuit of the tuned- 
plate, tuned-grid type, which is perhaps the 
Below 
200 metres there is no need to couple the 
coils directly to produce oscillation due to 
the coupling through the capacity of the 
valve and further stray coupling. The 
ordinary circuit for an oscillating quartz 
crystal 1s shown in Fig. 2. The frequency 
of oscillation is fixed by the dimensions of 
the crystal. 

These two circuits are combined in Fig. 3 
with variable coupling between L, C, 
and L,C.. If now L, C, is varied so that 
its frequency passes through that of L, 
C,, there will be a region over which the 
frequency of L, C; is the same as that of 
L, C,, due to the synchronising effect of 
the frequency in L, C, which is super- 
imposed. The effect of limited inductance 
or capacity variations in the self-excited 
circuit will not affect its frequency. Over 
this range the self-excited circuit has all the 
properties of the crystal oscillator. The 
reaction of L, C, on the crystal circuit cannot 
alter the frequency of oscillation of the 
crvstal. 

C2 
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The range over which the two frequencies 
remain in step will depend upon their 
relative strengths. In practice the un- 
desired frequency variations occurring in a 
transmission station are due to variations 
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transmitter.* In Fig. 5 is shown a practical 
arrangement of this new method. 

Using the old method shown in Fig. 4— 

1. There is a tendency for self-oscillation 
to occur in the amplifying valves unless 


Crystal oscillator and amplifier used for stages A and B of main transmitter, or as a low-power transmitter 
with the circuit of Fig. 3. H.T. and L.T. are obtained from the transformer on the left. 


in the H.T. supply voltage, keying and 
external variations, such as the swinging 
of the aerial in the wind. The magnitude of 
these variations is usually less than + 1,000 
cycles. It is quite simple to obtain syn- 
chronism over a range of + 2,000 cycles or 
more, thereby allowing a reasonable factor 
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of safety. The undesired frequency varia- 
tions mentioned above will thereby be 
prevented, due to the stabilising effect of 
the oscillating crystal. 

The advantages of this method are very 
apparent in practice. In Fig. 4 is shown a 
pure high frequency amplifier, such as is 
generally employed in a crystal controlled 


neutrodyning or some similar complication 
is introduced. 

2. It is difficult to get sufficient H.F. 
amplification to excite the grids of the 
amplifying valves to their full extent. This 
results in a low efficiency and heating of the 
anode. This is especially troublesome on the 
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short waves where high frequency amplifica- 
tion is always difficult ; also where harmonics 
are amplified to get higher frequencies. 

3. There is also the disadvantage that a 
failure in any part of the amplifying system 
renders the whole transmitter inoperative. 


€ Sce page 167, E.W.& W.E., March, 1920. 


THE WIRELESS ENGINEER 


Using the new method shown in Fig. 5, 
the stages are required in the oscillating 
condition. The difficulties of neutralisation 
are non-existent. As each stage is a self- 
excited unit there is no question of under- 
excitation. The efficiency is, therefore, 
much higher. | 

The failure of any part of the crystal 
or amplifying stages only removes the 
stabilising effects of crystal control. The 
final stage will continue functioning as a 
self-excited transmitter until the stabilising 
crystal frequency is again superimposed. 
It is evident that the reliability of this type 


of transmitter is no less than that of the, 


final self-excited unit. 
As all transmitting circuits have a grid 
circuit to which the crystal controlled unit 
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Practical Details. 


The wavelength for which the transmitter 
is desired determines whether the funda- 
mental or the harmonic of the crystal is 
necessary. It is obviously beneficial to 
use the fundamental where possible, as the 
amplification required will not be so great 
as in the case of harmonic operation. 

Quartz crystals have been ground to a 
frequency corresponding to 20 metres but 
in this case the thickness would be less than 
0.2 of a millimetre. This is not a practical 
proposition. The writer has used crystals 
operating on their fundamental down to 
45 metres. The 45-metre band seems to be 
the lower limit for fundamental operation. 
The crystal for this wavelength is between 
0.3 and 0.4 millimetre thick, depending 


| 


Fig. 5. 


may be coupled, it is obvious that this 
method is of a purely additional nature, no 
changes need be made in the existing trans- 
mitter. 

The amplification required for a given 
output from the last stage is greater using 
the method of Fig. 4 than in the method of 
Fig. 5. This is partly due to the inefficiency 
of the former method and also to the differ- 
ence in principle. In Fig. 5 the frequency 
of the transmitter is only controlled over a 
certain limited range. Experimentally, it 
is found that it is possible to use one stage 
less amplification and yet control the same 
output in the last stage. 

For the short wavelengths, where it is not 
possible to use the fundamental of a crystal 
due to the mechanical difficulties, the ampli- 
fiers may be operated on harmonics of the 
previous stages. 

The same advantages are maintained using 
harmonic operation of the circuits. 


on the type of quartz used. Naturally, 
great care must be taken in handling the 
crystal and the voltage on the crystal 
oscillator valve must not be raised above 
300 volts, but even with these limitations 
it is worth while to work the crystal on the 
fundamental for the 45-metre band. The 
reason for this will be more apparent later. 

For the amateur bands this leaves the 45 
and the 90-200 metre band for fundamental 
operation of the crystal and the 32 and 23- 
metre band for harmonic operation. 


Harmonic Operation. 


When harmonic operation is employed it 
is difficult to give accurate figures for the 
power which will be required in the successive 
amplifiers. This is partly due to the fact 
that it is not possible to determine what 
strength the harmonics will be in the various 
circuits. Also, on the short wavelengths 
in question, many effects come into plav 
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which cannot be foreseen, such as stray 
coupling between. coils, etc. 

From various experiments, using a power 
of up to 300 watts in the output stage (£.e., 
the stage coupled to the aerial) it seems 
necessary to employ a power ratio“ of 1:3 
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Fig. 6. 


in the last crystal amplifier and output 
stage (between B and C, Fig. 5). This 
holds roughly whether the second, or third, 
harmonic is used. If the fourth harmonic 
is used a power ratio of 1:2 should be 
allowed. In these experiments the harmonics 
were augmented by using a high grid bias 
on the amplifying valve. Owing to the 
impossibility of determining the wave form 
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In general the power required in the 
successive amplifiers is about one-third that 
required when harmonic operation is used. 
It varies slightly, however, with the wave- 
length employed. With the lower wave- 
lengths the power ratio has to be decreased 
slightly, due to the lower efficiency and due 
to the more uncertain conditions. 

A graph shown in Fig. 6 gives roughly 
the power ratio required between the last 
amplifier and the output stage for the 
different wavelengths tried.. It is seen that 
it is possible to work with a power ratio 
of 1:6 to 1:12. To be able to control, 
say, 300 watts in the output stage with a 
power of only 50 watts in the previous stage, 
is very unusual. For example, using a 
master oscillator, it has been found by many 
experimenters that it is necessary to use a 
power ratio of I : I to 1: 3 to get sufficient 
control on the short wavelengths. 

It is not difficult for any amateur to add 
a unit, such as is shown in Fig. 3, to his 
existing transmitter and thereby convert 
to crystal control. For the majority, using 
a power of 50 watts or less, it is only necessary 
to add a single crystal oscillator as in 
Fig. 2. 

In Fig. 7 is shown the circuit diagram of 
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Fig. 7- Lı, H.F. choke. R,, grid-leak. V,, receiving type power valve. V,, 40-watt type valve. V},250-watt valve. 


of these high frequency oscillations, it is 
mainly a matter of experiment with a closed 
circuit and a hot wire ammeter or visual 
indicator which is tuned to the harmonic 
required, and the grid bias of the amplifier is 
then varied to give the maximum indications. 


Fundamental Operation. 


Using the fundamental of the crystal the 
conditions are more definite. 


* 100 watts in stage B and 300 watts in stage C 
is termed a ‘‘ Power Ratio” 1: 3. 


the transmitter at present in use for the 45 
and go-metre band, using the fundamental 
of the crystal. It has been tested with a 
power input of up to 300 watts to the output 
stage. This is the maximum available.* 


* Recently the writer has successfully applied 
this method to an amateur station using a power of 
1kW. Harmonic operation with the combination 
of valves shown in Fig. 8 was used. A higher 
voltage on the output stage was the only difference. 
The power ratio mentioned was found approxi- 
mately correct. 
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In Fig. 8 is shown the circuit arrangement 
for the 32-metre band using harmonic 
operation. The second harmonic of the 
crvstal is at present employed. 

In each case it will be noticed that the 
first amplifier B is used as a pure high 
frequency stage. This is found convenient 
as there is no trouble with self oscillation 
in this stage and it simplifies the adjustment. 

To obtain sufficient control using the 
harmonic of the crystal the extra stage C 
must be added. The same voltage is used 
for stage C and for the output, but the grid 
bias of stage C is increased until the power 
drops to the required figure. This method 
accentuates the harmonics ; this is required. 
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The crystal oscillator and first amplifier 
(.e., A and B) are always left running while 
the set is keyed, by cutting off the power to 
the final stages. 


Some General Considerations. 


It is evident from the properties of this 
method that the amount of control exercised 
on the output by the crystal stage is dependent 
upon the power in the crystal stage. The 
power ratios given have been found sufficient 
to hold the output stage in sychronism with 
the crystal amplifier over the range of 
capacity and inductance variations which 
are usually found in transmitters. It may 
vary with individual cases. In the case of a 
transmitter on a ship where the rolling of the 
ship produces large capacity changes in the 
aerial. system, it might be necessary to 
decrease the power ratio. 

So far, the main consideration has been 
the power ratio between_the last stage of 
the crystal amplifier and the output, as it 
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is in the output stage that the capacity 
and inductance changes occur which it is 
desired to overcome. Between the sub- 
sidiary stages of the crystal amplifier (such 
as B and C, Fig. 8) the ratio may be increased 
slightly as the conditions are more stable. 
As the power is low in these stages it is not 
such an important factor to obtain high 
ratios. 

For the successful operation of this method 
it is vital that the inductances be of good 
design. On these high frequencies a poor 
dielectric will heat up; this either softens 
it, allowing the wire to move, or changes its 
specific inductive capacity, which in turn 
causes a large capacity and inductance 


one 


change. The crvstal amplifier will not be 
able to control this large change unless the 
power is considerably increased. It was 
found that an inductance wound on wooden 
strips boiled in paraffin wax was quite 
suitable for the go-metre band. On 32 
metres the wood heated to such an extent 
that the wax melted. The frequency drift 
due to this amounted to several thousand 
cycles. A self-supporting coil, wound with 
copper strip, or one wound on good quality 
ebonite, is quite satisfactory. Similar pre- 
cautions should be taken with high frequency 
chokes. 

From all aspects, it is the low power 
station which can profit most by crystal 
control. Difficulties, such as just mentioned, 
prominent with powers of over 4kW, are 
not noticeable with low powers. Design need 
not be so strictly considered. The cost of 
a crystal oscillator using a receiving type 
power valve is not great. It is suitable for 
controlling 50 watts or so In the output stage. 
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Another factor which has been found 
important is that of filament temperature. 
If the filaments of the amplifiers are under 
run it is difficult to get any control whatever. 
The rated values for the filament are usually 
satisfactory, but with dull-emitter valves 
it is best to experiment with higher values 
as the emission may have fallen off. 


Amplifier C, Fig. 8, and the output stage. 


Adjustment. 


In common with all circuits of this kind, 
a little patience is necessary at first until 
the behaviour of each circuit is understood. 

The first step is to set the crystal oscillator 
working (A, Fig. 7). A tap from the grid 
circuit of B is taken to the plate inductance 
of the crystal oscilator and the plate 
inductance of B is tuned to resonance 
(indicated by the minimum value of the 


plate current). The wavelength is then 
found on a wavemeter or oscillating 
receiver. The crystal oscillator is mnow 


switched off. The amplifier is adjusted 
roughly to this wavelength. The crystal 
is switched on and a beat note is obtained 
in the receiver. The frequency of the 
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output (considering Fig. 7) is varied until 
it passes through that of the crystal 
oscillator. The beat note in the receiver 
increases considerably in strength when 
the two frequencies are synchronised. As 
the frequency of the output circuit is 
gradually decreased by varying the grid 
tuning condenser and approaches synchronism 
with the crystal oscillator, a beat note will 
naturally be formed between the two 
oscillations. This then disappears as they 
synchronise. There will then be a range over 
which no beat note is obtained. There will 
come a point where the oscillations again 
fall out of step producing another beat note. 
The output condenser should be set in the 
middle of the band in which no beat note is 
obtained. This position is indicated by a 
minimum reading of the milliammeter in 
the plate circuit of stage B. The other 
stage in Fig. 8 is similarly adjusted. If 
the stages are not properly synchronised 
a whole series of rough beat notes will be 
heard in an oscillating receiver as the tuning 
condenser is varied. When the set is working 
correctly, beat notes will only be obtained 
when the receiver is tuned to a harmonic of 
the transmitter. This beat note will have 
all the characteristics of a crystal oscillator. 

The coupling between the stages is fairly 
loose when fundamental operation is being 
used but for harmonic operation it should be 
as tight as possible. From this it follows 
that the ratio of inductance to capacity should 
be kept high. Only a small parallel capacity 
should be added. 

In general, if the coupling is correct and 
the set is in synchronism there will be no 
movement of the milliammeter in the 
plate circuit of the crystal oscillator as the 
set is keyed. 

Inductive coupling between the stages has 
been considered throughout as it was found 
to be the most satisfactory. Various 
methods of capacity coupling were tried but 
the results were inferior. 

When constructing a holder for a quartz 
crystal, ebonite should be avoided as the 
sulphur in the ebonite slowly oxidises the 
metal surfaces. The metal surfaces and the 
crystal should be kept clean. (Carbon 
bisulphide or carbon tetrachloride (which 
is non-inflammable) may be used. For 
experimental work, where the crystal may 
be changed frequently, it has been found 
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more convenient to use a large metallic 
surface for the electrode which is connected 
to earth and a small movable electrode, 
welghing two or three ounces, just resting 
on the crystal for the other. 

If a crystal is required for permanent 
operation and is not likely to be moved for 
some time, it is necessary to attach a very 
small piece of mica to each corner on both 
sides of the crystal so that there is a small 
air gap between the crystal and the metallic 
surface. It has been found that the crystal 
sometimes sticks to the metallic surface unless 
this is done. It is apparently necessary to 
have a small air film between the surfaces 
for successful operation. This gradually 
gets squeezed out as the crystal oscillates, 
until the surfaces come into direct contact 
and then stick. This is mainly noticeable 
when the surfaces are very true. 

The advantages of crystal control mentioned 
below may help those who are not fully 
acquainted with the subject to decide 
whether to make the change. 

The main feature of the oscillating quartz 
crystal is, of course, that its frequency of 
oscillation is constant. This is due to the 
mechanical nature of the oscillation, which 
is dependent on the linear dimensions of the 
crystal, as in the case of a tuning fork, 
rather than on any electrical resonance 
of inductance and capacity. 

This allows a transmitter to maintain a 
constant frequency despite aerial swaying, 
etc. It also solves the keying problem 
which is so difficult on the short waves. 
The set may be keyed in the most economical 
manner, as the methods which produce 
frequency changes in a self-excited set 
cannot do so when the frequency is main- 
tained constant by a crystal. 

Any irregularity in the H.T. supply to a 
self-excited transmitter on the short waves, 
due to imperfect smoothing, causes the 
quality of the emitted wave to be rough and 
broadly tuned. When using a crystal con- 
trolled transmitter on a supply of this kind 
the rough note and spreading of the wave is 
entirely absent. If the 50-cycle supply is 
used with a full wave rectifier, a smoothing 
capacity of uF is ample to give a pure 
note. With a self-excited circuit a capacity 
of at least 4uF would be necessary to give 
a note of similar purity. The saving effected 
in this way goes a long way to counterbalance 
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the expense of the crystal amplifier. The 
extent to which this property of crystal 
control may be utilised is well illustrated by 
the fact that some commercial stations on 
the short waves using crystal control employ 
the “ self-rectification”” circuit through- 
out (t.e., for the amplifiers and output). 
This means that no separate rectification 
whatever is used. The amplifying stages 
have two valves, one connected on each side 
of a split secondary supplying the A.C. H.T. 
voltage (see Fig. 9). The quality of the note 
obtained is excellent. Only a small 
percentage modulation is present, quite 
negligible for morse working. 

This property of crystal control is due 
to the following reason :— 

The quality of a carrier wave depends upon 
two factors: the percentage of frequency 


Fig.9. lm the subsequent circuits the ee ts 
replaced by the grid coil and condenser 


modulation (t.e., the periodic variation of 
the frequency caused by H.T. voltage 
variations) and on the percentage of 
amplitude modulation (t.e., the actual 
variation in strength produced by the 
varying voltage supplied to the transmitting 
valve). Of these the former is by far the 
most important on wavelengths below 200 
metres or so. The variation in voltage 
supplied to the valve causes its internal 
resistance to vary, thts in turn causes a small 
frequency change. 

With crystal control the most important 
factor is eliminated, as the crystal holds the 
frequency constant despite the changes 
due to H.T. voltage variations. The 
amplitude modulation present is then the 
only factor influencing the quality of the 
carrier wave. This is a minor point. 

It has been shown that it is not possible 
to modulate a self-excited circuit on wave- 
lengths below 500 ‘metres without getting 
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frequency modulation and consequent dis- 
tortion of speech and music.” The quartz 
crystal is the best solution of this problem, 
especially for the short wavelengths. 

The constant frequency of a crystal trans- 
mitter allows the use of grid control modula- 
tion with considerable success, as the usual 
accompanying frequency modulation is 
absent. The output stage should be modu- 
lated. The grid bias should be adjusted 
so that the modulation only swings the 
grid potential along the straight part of the 
characteristic curve of the valve. 


Conclusion. 
Using pure high frequency amplification, 


+“ Some Studies in Radio Broadcast,” Pro- 
ceedings, I.R.E., February, 1926. 
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the crystal frequency is the only frequencv 
which can be emitted. Large changes of 
inductance or capacity in the amplifiers 
only reduce the radiation. Using this new 
method the crystal stabilises the frequency 
only over a certain finite range which is 
made sufficient to cover any inductance or 
capacity changes likely to be met in a trans- 
mitter. 

This is the fundamental difference between 
the two methods. 

Many modifications of both methods have 
been tried. The new method described has 
decided advantages from the point of view 
of simplicity, flexibility, efficiency and 
reliability. 

It has been in use at the writer's station 
2SZ for the past six months with considerable 
success. 


Opening of the I.E.E. Session. 


Dr. Eccles’ Presidential Address. 


HE opening meeting of the I.E.E. 

Winter Session, 1926-27, took place on 

21st October, when Dr. Eccles, the new 
President for the current year, delivered 
his Presidential Address. 

Before calling upon the new President to 
take the chair, the retiring President, Mr. 
R. A. Chattock, presented the premiums 
awarded for papers read during the 1925-26 
Session. In the Wireless Section these were 
awarded to :— 


Mr. J. Hollingworth; Dr. R. L. Smith- 
Rose and Mr. R. H. Barfield (jointly) ; 
Messrs. R. A. Watson Watt and J. F. 
Herd (jointly). 


These awards were all made on papers 
describing work carried out under the 
auspices of the Radio Research Board. 

To the disappointment, doubtless, of 
many wireless members present, the new 
President did not deal specifically with high 
frequency engineering, with which he has 
been so closely connected. He pointed out 
that in the circumstances two courses were 
open, one to deal with a specialistic subject, 
and the other to review electrical engineering 
and practice in its most gencral terms. He 
had decided to take the latter course, and 


proposed to trace and compare the main 
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lines of modern electrical development under 
the general headings: (1) Electrical supply 
industrial; (2) General use of electricity ; 
(3) Communications; (4) Electrical trade. 

In the first two sections the various 
statistics quoted went chiefly to show that 
British electrical development was backward. 

In communication, Britain was shown to 
occupy a leading position in the ownership 
and operation of cable routes. 

In connection with wireless the presenta- 
tion of facts was chiefly in statistical form, 
the subject being reviewed under the heads 
of Long Range Telegraphy and Telephony ; 
Short Wave Stations; Other Purposes. In 
the first connection particularly it was shown 
that the British Empire was as well equipped 
as any country, while the only long distance 
telephony service existing was between 
America and the new British Station at 
Rugby. 

As regards Broadcasting, the statistics 
quoted again showed the British position to 
be satisfactory and to compare favourably 
with other countries. 

The first meeting of the Wireless Section 
was held on 3rd November, when the 
Section Chairman, Prof. C. L. Fortescue, 
delivered his inaugural address, an account 
of which is given on page 740. 
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The Absolute Measurement of Resistance 
at Radio Frequencies. 


By Raymond M. 


for measuring the high frequency 

resistance of coils. They all possess 
their pitfalls, some of which are obvious, 
while others require much experience to be 
noticed. 

In general these methods depend on the 
measurement of the impedance of a circuit 
at or near its resonant frequency. In all 
these cases assumptions must be made re- 
garding the constancy of the amplitude or 
frequency or both of the E.M.F. induced into 
the circuit under investigation. Besides 
these assumptions, there are always pitfalls 
due to unknown stray capacities, mutual 
inductances, eddy current losses, dielectric 
losses, etc., which are to a very large extent 
unknown. 

There exists a class of methods in which 
all these sources of error are eliminated. 
If a current is passed through a coil having 
resistance, the whole of the energy dissipated 
will be liberated as heat. An obvious way 
of measuring the resistance of a coil is, there- 
fore, to measure the current and the heat 
evolved in it. Unfortunately the measure- 
ment of the heat evolved is very difficult and 
usually gives rise to large experimental 
errors. Many attempts have been made, 
however, by a number of investigators. 
T. P. Black, L. W. Austin, H. Abrahams, 
G. W. O. Howe and L. Lehrs have been the 
chief workers in this field. The following 
briefly describes the methods used by them. 

T. P. Black used a method similar to that 
employed later by J. A. Fleming, but Black 
used it on coils and Fleming on straight 
wires. The method consisted of putting the 
coil (which was in the form of a long solenoid) 
inside a sealed glass vessel, which was 
connected by means of a capillary tube to 
another exactly similar vessel, but which 
contained a straight wire. A small drop of 


T ior m are many methods in existence 


mercury was inserted in the capillary tube. W 


It is obvious that, when the heat generated 
in the wire equals that generated in the coil, 
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the mercury will remain stationary. High 
frequency currents were passed through 
each and their relative values adjusted until 
no motion of the mercury was observed. 
A knowledge of the ratio of the currents 
gives the ratio of the resistances of the 
wire and the coil, for the heat evolved is 
proportional to the product of the square 
of the current and the resistance. 

L. W. Austin placed two similar coils in 
similar vessels in oil. Through one coil 
the high frequency current was passed and 
through the other direct current. The oil 
was stirred and the equality of temperature 
noted by means of thermo-junctions con- 
nected in opposition in the two vessels. 
When the temperatures of the two vessels 
are equal, the galvanometer connected to 
the thermo-junctions must, of course, show 
zero deflection. Much of the accuracy 
would depend on the effectiveness of the 
stirring. 

H. Abrahams measured the direct current 
resistance of the coil before and after passing 
the high frequency current. The rise in 
temperature of the copper of the coil could 
thus be found. He repeated the experiment, 
using direct current and thus obtained the 
ratio of the direct to alternating resistance 
of the coil. Few details are available of these 
experiments of Abrahams, but it would 
appear that very large currents would be 
required to obtain a reasonable accuracy. 

G. W. O. Howe measured the temperature 
of a coil, after passing the high frequency 
current, by means of a thermo-junction 
placed outside the coil near the centre turn. 
He then found the direct current, which 
produced the same effect. It will be noticed 
that the magnetic field falls off very rapidly 
just outside a single layer coil. (This 
is shown in an article by the author on 
parasitic losses in coils in the May number 
of EW. 6 W.E.) The eddy currents 
produced in the thermo-junction will there- 
fore form no appreciable source of error. 
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L. Lehrs enclosed the coil in a vessel 
connected to an extremely sensitive mano- 
meter and adjusted to high frequency and 
direct currents, so that no change could be 
seen on the manometer on switching from 
one to the other. 

We see that there is no lack in the variations 
of the methods used and the results obtained 
give varying degrees of accuracy. 
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Fig. 1. Straight lines obtained experimentally with 
coil 1, from which the resistance can be calculated. 


A source of error in those methods may 
arise from the fact, that the heat emitted at 
high frequencies is not the same for all the 
turns of the coil, but will be greater for the 
outside turns (where the magnetic field is 
large and produces eddy currents in the wires) 
than for the centre ones. This will be an 
important cause of error in the methods of 
Austin and Howe, the latter however only 
used long solenoids and in this case the error 
would be much minimised. Another source 
of error is due to the change in temperature 
of the air during the experiments or slight 
inequality of the vessels in the differential 
methods; the former would occur in the 
method of Abrahams and the latter in those 
of Black and Austin. 

The method of Lehrs seems the most 
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accurate, but it is probably accurate only 
when the coil is of small dimensions. In 
fact nearly all these methods suffer from this. 

Now, to test the accuracy ,of ordinary 
methods of measuring resistance, it is ad- 
visable to measure a coil, in which the 
sources of error inherent in the methods are 
large. For this purpose the dimensions of the 
coil should be large (so that stray capacities 
may also be large), the resistance of the coil 
should be low (so that unknown losses may 
produce an appreciable percentage of the 
total) and the frequency should be high. 

Most of the investigators mentioned above 
were not trying to check existing methods 
of measurement, so that they were not 
particularly interested in measuring coils 
of large dimensions and low resistance. 
In order to do this the author has used the 
following method :— 


A coil was made of glass tubing filled with 
mercury. One end of the coil was stopped 
and the other terminated in a capillary 
tube, on which were two marks at a distance 
of a few centimetres. The coil thus formed 
behaved as its own thermometer. When 
the mercury stood at one mark, the mean 
temperature of the coil was absolutelv 
definite and quite independent of the tem- 
perature of the air. 

High frequency current was passed and the 
time Z4, which the mercury took to move 
from one mark to the other was noted. 
The current was stopped, and the time Te 
taken for the mercury to fall from the top 
mark to the lower one was also noted. 

Assuming Newton’s law of cooling, it is 
easy to prove that, if the temperature of the 
air remains constant during the experiment, 
the rate at which heat is produced in the 
coil is proportional to 


coth = Ta + coth I 


where K is a constant depending on the coil.” 

This expression will be called P and is 
proportional to I?R. 

It will be seen that P is independent of 
the temperature of the air. Also, if Pis 
plotted against the square of the current, 
a straight line passing through the origin 
should result. This was found to be the 


* coth x=hyperbolic cotangent of 3 = PE == 
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case. Moreover the slope of that line is 
proportional to the resistance. 

By repeating the experiment with direct 
current, the ratio of the alternating to 
direct current resistance of the mercury 
coil was found. 

The coil acts as an exceedingly sensitive 
thermometer, so that the distance between 
the marks on the capillary tube represented 


MERCURY COIL NO? 


6 
A.C(1) 0'5 06 07 08 
A.C(2) 14 15 16 17 
DC 25 30 35 40 
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They were of somewhat ungainly appearance, 
owing to the difficulty of accurately bending 
and fusing together long lengths of glass 
tubing. However, they served their purpose, 
for regularity in the dimensions did not 
enter the question. 

Coil 1 had 9 turns and overall dimensions 
of II X II X 8 cms. Coil 2 had 15 turns 
and overall dimensions of 16 x 16 x 22 cms. 


09 vo 11 12 
18 
4:5 50 55 60 


(CURRENT IN AMPS 


Fig. 2. 


a difference of temperature of only }°C. and 
the energy dissipated in the coil only of the 
order of one watt, allowing a comparatively 
smail current (of the order of one ampere) 
to be used. This is important for, especially 
at high frequencies, uncertainty exists in the 
absolute value of a current measured by 
thermo-junctions, if the current is at all 
large. An instrument may compare accur- 
ately two currents of the same frequency, 
but may be in error when comparing a 
large current at radio frequency with direct 
current. , 

Two mercury coils were made and measured. 


Straight lines obtained experimentally with coil 2, from which the resistance can be calculated. 


In Fig. 1 is shown the straight lines obtained 
when P is plotted against the square of the 
current. Fig. 2 gives the same straight 
lines obtained for coil 2. Fig. 3 shows the 
resistance of coil 2 plotted against the square 
root of the frequency. This method of 


plotting was chosen to obtain a flat curve, 


in which any small irregularity might show 
up. 
Having thus found the resistance of the 
coils, by what may be termed an absolute 
method, there remained the checking of 
the ordinary methods of measurement. The 
coils were measured by two forms of the 
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variation of resistance 

I the mercury coil was 
condenser and a therm 
An E.M.F. was induced 


Ni EM. | Nercury coil. 
circuit directly into the 1 
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= | | 
5 | 
z 
“os 

0 
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J FREQUENCY 
Fig. 3. Variation of effective resistance 
: with the square root of the frequenc 


‘ircuit was tuned and the resistance varie, 

3y noting the change in deflection of th 

hermo-ammeter, the resistance of the 
ircuit was calculated. From this was 
ubtracted the resistance of the thermo- 
mmeter and the calculated resistance of 
he leads. 

In method 2, the E.M.F. was induced in 
nother coil (Fig. 5). The resistance was 
teasured as in method 1 with the two coils 
| series. The mercury coil was then taken 
M of the circuit and the resistance again 
easured. The difference gives the re- 
stance of the mercury coil. The results 
e given in the following table :— 


rcury | ' Fre- Method of Measurement. 
Coil. quency ———k«—-—E— aMi ti co, - 
: kC. | (1) (2) Thermal. 
l | | | 
O. I | I,527 | 0.99 | 0.99 | 0.98, 
S | 1,250 1.09 0.91 | 0-90, 
0. 2 | 1,250 | 149 | 1.4i I.4Iy 
FO = 1,000 1.34 ` 1.29 | 1.294 
Re | 800 | 119 | 118 1.17 
= 600 | 1.07 1.04 | 1.035 
; | 500 0.97 | 0.96 0.953 
200 | 0.62 | 0.62 | 0.624 
a mo de Goa plna, 


t will be scen that method 2 gives accurate 
cement to within o.or ohm, while method 


728 


In method 
' put in series with a 
o-ammeter (Fig. 4). 
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I gives results slightly too high. foe 
difference is small, however, and, = LI 
great accuracy is not required an i = 
resistance is not too low, method r shou 


be sufficiently good. 


SOURCE 


MERCURY COIL 


1250 


Fig. 4. Method 1 of the resistance 
variation method of measurement. 


aders who are interested in these 
Mitro will find them described in more 
detail in the Proceedings of the Royal Society 
A., Vol. 109, p. 508, 1925. 
= The difference between methods I a 
is small and not of great importance for the 


usual resistances measured. Experiments 
how that it does not lie in the condenser, 


Ŝa 


MERCURY 


Fig, 5. 
variation 


Which, from 1 
resistance of lc 
ponding to a pov. 
Reaction back on; 


be the cause of th. 


due to this may, 


SOURCE 


COIL 


Method 2 of the resistance 
method of measurement, 


hese results, has a series 
ss than 0.01 ohm corres- 
rer factor of less than 1074. 

to the oscillator appears to 

e discrepancy. The error 

in certain cases, reach 
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unexpectedly high values and care should 
be taken to ensure that the current in the 
tuned circuit of the oscillator remains 
absolutely constant. throughout the measure- 
ment. 

It should be emphasised, that it is only by 
taking every precaution, that the resistance 
variation method, and for that matter any 
method, gives accurate results and the 
circuit must be arranged with care, if appre- 
ciable and sometimes large errors are to be 
avoided. 

Besides giving an absolute basis for 
checking ordinary methods of measurement 
of resistance, this thermal method gives the 
power factor of condensers. This appears to 
be so low in good condensers, that direct 
measurement fails and only gives an upper 
limit which, in the particular case con- 
sidered, was IO-4. 

An interesting application of the method 
described above would be the absolute 
measurement of current at very high radio 
frequencies. Up to a frequency of about 
1,000 kilocycles, small currents of the order 
of two amperes can be measured with fair 
certainty, for the thermal element of the 
ammeter can be made so thin that the skin 
effect can be neglected and the eddy current 
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effect on the thermo-junctions is still negli- 
gible. At higher frequencies and for larger 
currents it is difficult to be absolutely 
certain of the magnitude of these effects. 

If the resistance of a portion of an electrical 
circuit could be calculated and the heat 
generated in it measured, the current could 
also be measured from absolute principles. 
Now, the resistance at any frequency of a 
straight cylindrical conductor, screened for 
the whole of its length by. a concentric 
metallic shield connected to one of its ends, 
is amenable to calculation. 

The suggested method is now obvious. 
The straight conductor would be mercury in 
glass or preferably quartz. It would be 
calibrated with direct current as in the case 
of the coils and the heat generated measured 
by the expansion of the mercury. In prac- 
tice it would probably be found useful to 
surround the shield with ice so as to keep the 
temperature as uniform as possible. The 
effect of the dielectric constant of the glass 
or quartz could be allowed for, but the di- 
electric loss in the medium would be a source 
of error, which would probably be made 
small by designing the system so as to make 
the potential gradient at the surface of the 
mercury small. 
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Television. 


A paper by Mr. J. L. BAIRD read by Lt.-Col. J. R. YELF before the Radio 
Society of Great Pritain on Tuesday, 26th October, 1926. 


HE word Television is derived from the 

Greek tele (at a distance) and the 

Latin verb video (I see), so that the 
hteral meaning is “ seeing at a distance.” 
This mixture of Latin and Greek is repugnant 
to classical minds and several alternatives, 
such as Teleopsis, have been recently sug- 
gested. 

The word Television is already, however, 
part of the English language. It is used in 
the Patent Office, and appears in Murray's 
New English Dictionary and the Encyclo- 
pedia Britannica. 

Some confusion still exists even in tech- 
nical circles as to the exact meaning of the 
word, and it is still not infrequently misused 
to describe photo-telegraphy. Television 
means the transmission of an image of an 
object or scene by telegraphy or wireless 
telegraphy with such rapidity that it appears 
instantaneously to the eye of the observer at 
the receiving station, or it might more briefly 
be defined as “ vision by telegraphy.” 

It is frequently stated that by a speeding 
up of photo-telegraphy until sixteen photo- 
graphs were sent per second, television would 
be achieved. This is quite inaccurate. What 
would be achieved would be a cinemato- 
graphic reproduction by telegraphy or tele- 
kinematography, a very different and much 
simpler thing than television which is the 
transmission of the actual living scene while 
it is happening. 

The history of television is linked up with 
the history of Selenium, and may be said 
to date from the discovery of the light 
sensitive properties of that element. 

Selenium is a metal, and has an enormous 
resistance to electricity. This property 
made it useful in the construction of high 
resistances used in telegraphy, and such 
resistances were employed at the terminal 
station of the Atlantic cable, a little village 
in the West of Ireland called Valentia. One 
afternoon the attendant, a Mr. May, was 
surprised to see his instruments behaving 
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in a very erratic manner. It was a dav of 
bright sunshine, and the sunlight fell occa- 
sionally upon his selenium resistances. He 
found every time the sunlight touched the 
selenium the needle of his instrument moved. 
The phenomenon was investigated and the 
light sensitive properties of selenium dis- 
closed. 

Selenium then gave a means of turning 
light into electricity, and the scientists of 
these days were quick to see in the selenium 
cell a means of providing vision by telegraphy. 

A great number of devices were invented, 
and many of these were to a great extent 
perfectly feasible schemes, except for one 
point, and that was that selenium was much 
too slow in its action and too insensitive. 

For over thirty years television remained 
at a standstill. “ Time lag,” as the sluggish- 
ness of selenium was called, proved a fatal 
barrier. 

Selenium is not, however, the only means 
of turning light into electricity. Another 
discovery was made in 1888 by Hertz. 
Hertz found that the sparks which he was 
using in his experiments passed more readilv 
when ultra violet light fell across their path. 
This discovery of Hertz led to the con- 
struction of what are known as photo- 
electric cells. These cells turn light into 
electricity, and are instantaneous in their 
action. 

The development of these cells seemed to 
offer a substitute for the sluggish selenium, 
and an attempt was made to substitute 
them in the television apparatus. 

Another difficulty at once made its appear- 
ance. The cells, although they were fast 
enough, would not respond to the very small 
light available. Shadows could be sent, for 
with shadows tke light from a powerful 
lamp can be directed straight on to the cell. 
But vhere television is concerned, only the 
light reflected from the scene is available, 
and this light is very small indeed. 

The three-electrode valve provides an 
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immensely powerful amplifier, but the 
amplification obtainable is limited, a stage 
is reached when irregularities in the emission 
from the first valve become audible and if the 
signal is not heard before this point is 
reached further amplification is useless, 
enormous amplification is obtainable before 
this stage is reached, but the response from 
the cell is very far below the limit. With 
an ordinary potassium cell a further amplifi- 
cation of something like a thousand times 
would be required. 

In examining television devices the logical 
starting point would appear to be a considera- 
tion of the already existing very perfect 


Section through the human eye. 


Fig. 1. 


television system which nature has provided 
in the eye and the optic nerve. Fig. 1 shows 
a sectional drawing through a human eye. 
An image of the scene viewed is cast by the 
crystalline lens on to the retina at the back 
of the eye. This image has to be conveyed 
to the brain, and Nature's method of solving 
her television problem has formed the basis of 
many of the first television schemes. A clue 
to the solution of the problem is found in a 
close examination of the screen, which is called 
the retina. The surfaces of this is found to 
consist of a mosaic made up of an enormous 
number of hexagonal cells, and each of these 
cells is directly connected to the brain by a 
number of nerve filaments along which 
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travel impulses which are dependent upon 
the intensitv of the light falling on the 
hexagonal cell. Exactly how these impulses 
are generated is not at present fully under- 
stood, but they are almost certainly due to 
the presence of a light sensitive substance 
named visual purple, which flows through the 
hexagonal cells. The images which we see 
are thus built up of an extremely fine 
mosaic of microscopic hexagons of varving 
degree of light and shade. The number of 
these hexagonal cells is stupendous. ln a 
normal human eye there are several millions. 

The early inventors endeavoured to con- 
struct artificial eyes by substituting selenium 
for visual purple and building an artificial 
retina out of a mosaic of selenium cells, 
each of these cells being connected by wires 
to a shutter. This shutter opened when 
light fell on the cell connected with it and 
allowed a spot of light to fall on a screen. 
In this way each cell controlled a spot of 
light, the image being reproduced by a 
mosaic formed of these spots. 

Models on these lines were actually made 
by several inventors. Rignoux and Fournier, 
two French scientists, constructed such a 
machine. This apparatus was intended only 
to demonstrate the principle, and had no 
pretensions towards presenting an instrument 
for television. The transmitter consisted of 
a wall covered with selenium cells, 64 fairly 
large cells being used. From each of these 
cells two wires ran to the receiving screen, 
which was made up to 64 shutters, each 
shutter controlled from its respective cell, 
and thus when a strong current from a 
brilliantly lighted cell at the transmitter 
arrived at the receiving station the shutter 
was opened and light was allowed to fall 
on the corresponding part of the receiving 
screen. By covering the transmitting wall 
with large stencils, letters of the alphabet 
were transmitted, and could be recognised. 

Ernst Rhumer also, whose brilliant pioneer 
work in connection with wireless telephony 
is so well known, constructed a similar 
apparatus, and many other workers have 
been attracted by this system, but the 
thousands of cells, shutters and wires 
necessary made the practical adaptation of 
such schemes out of the question, and an 
endeavour was made to solve the problem in 
quite a different manner. Instead of using 
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a separate cell for each point of the picture it 
was produced to use only one cell, everv 
point of the picture to fall in succession on 
this single cell, and the varying current from 
the cell to be transmitted to the receiving 
station, there to control a point of light 
traversing a screen exactly in step with the 
traversal of the image across the cell. The 
point of light was bright at the high lights, 
dim at the half tones, and completely out 
at the black parts of the image, the process 
to be carried out with such rapidity that, 
owing to persistence of vision, the eye 
would see, not a succession of spots, but the 
image as a whole instantaneously. 
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reflected in a zigzag path across a screen 
by means of two mirrors vibrating at right 
angles in the same way as the mirrors at 
the transmitter. 

Fig. 2 shows another device of a more 
interesting character, that suggested in 1907 
by Boris Rosing, a Russian professor. His 
transmitting arrangement was similar in 
principle to others, but his receiving device 
was very original, as he dispensed altogether 
with mechanical parts, and used instead the 
cathode rav. The rays can be produced in 
the form of a thin pencil-like discharge, and 
this pencil of rays can be moved in any 
direction, either magnetically or electrically. 


Fig. 2. 


A great number of devices to accomplish 
this object were invented, and it will be 
possible to describe only a few of the most 
representative. 

In the arrangement due to Jan van 
Szczepanik at his transmitting station two 
mirrors were employed vibrating at right 
angles to each other, the image being pro- 
jected by a lens first on to one mirror and 
from this mirror on to the second one, which 
in turn reflected it on to a selenium cell. 
The results of the combined motions of the 
mirrors was to cause the image to travel 
over the cell in a zigzag path, and the current 
from the cell was transmitted to the receiving 
station, where it controlled the intensity of 
a spot of light, this point of light being 


Principle of Rosing's apparatus. 


It has no weight, and therefore no inertia, 
and there is thus no limit to the speed at 
which it can travel. When this ray strikes a 
plate of fluorescent material a brilliant spot 
of light is produced, so that, by using the 
cathode rav in conjunction with a fluorescent 
screen, we can get a receiving device capable 
of following almost any speed. 

Rosing used as his transmitter two mirror 
polyhedrons revolving at right angles to 
each other, their combined motion causing 
an image of the object to be transmitted to 
pass over a light sensitive cell. The varying 
current from the cell was transmitted to the 
receiver, and here it passed through a magnet 
which deflected the cathode ray away from 
an aperture placed in its path, the amount of 


THE WIRELESS ENGINEER 


the rav which passed through being propor- 
tional to the current passing through the 
magnet coil. This ray was caused to traverse 
a, fluorescent screen by currents to the 
mirror polyhedrons. 

Mr. Campbell Swinton, independently of 
Rosing, devised a cathode ray system in 
which the cathode ray was used at both 
receiving and transmitting stations. This 
system was described in Nature three weeks 
before Rosing’s patent was accepted in 
England. 

I will give only a brief description of 
Mr. Campbell Swinton’s device as a full 
account has already been given to this 
society by the inventor himself. 

The transmitter consisted of a mosaic of 
little cubes of potassium, each cube insulated 
from the others, upon this mosaic was pro- 
jected an image of the scene to be transmitted 
and the mosaic was traversed by a cathode 
ray, each cube discharging as the ray travelled 
across it, the discharge being proportional 
to its illumination. The fluctuating current 
thus produced controlled the intensity of a 
cathode ray at the transmitter, this cathode 


Fig. 3. 


ray traversing a fluorescent screen in syn- 
chronism with the ray at the transmitter, 
mechanical exploring devices being thus 
dispensed with at both receiver and trans- 
mitter. 

The apparatus of MM. Belin and Holweck 
is shown in Fig. 3. They are reported to have 
recently succeeded in sending shadows with 
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this apparatus. The transmitter of Belin 
and Holweck consists of two mirrors vibrat- 
ing at right angles to each other, and these 
mirrors cause the image to traverse a potas- 
sium photo-electric cell. The current from 
this cell controls the intensity of a cathode 


Fig. 4. The glass disc used in the Jenkins' apparatus. 


ray at the receiver, the ray being caused to 
traverse a fluorescent screen by magnets 
which are energised from an alternating 
current transmitted from a motor which 
moves the mirrors at the transmitter. 

In the U.S.A. Mr. Jenkins, whose name 
is, like that of Monsieur Belin, known in 
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Diagram showing the principles of apparatus due to MM. Belin and Holweck, 


connection with photo-telegraphy, has, in 
conjunction with Mr. Moore, also succeeded in 
transmitting shadows. To cause their image 
to traverse the cell they use a prismatic disc. 
This consists of a circular glass disc (Fig. 4) 
the edge of which is ground into a prismatic 
section, the section varying continuously 
round the circumference. Light passing 
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through the disc is therefore bent backwards 
and forwards as the section changes, and by 
passing the image through revolving discs of 
this nature, it is made to traverse a photo- 
electric cell. The current from this cell is 
transmitted to the receiving station, where it 
controls the light from a lamp invented by 
Mr. Moore. This lamp changes its intensity 
instantaneously in proportion to the current, 
and its varying light is caused to traverse 
a screen by a similar device to that at the 
transmitter. 

In transmitting the shadow of an object 
we can use unlimited light, whereas in 
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transmitting images of the actual object 
itself, only an infinitesimal light is available. 
To provide a sensitive device capable of 
responding instantaneously to this infinitesi- 
mal light was then the outstanding problem 
to be solved before television could be 
accomplished. About four years ago I 
decided to focus the whole of my attention 
on the problem of television, and realising 
that the first step towards the solution was 
the transmission of shadows, my early efforts 
were along those lines. The transmission 
of shadows proved a fairly simple matter, 
and some six months' experimenting enabled 
me to transmit crude shadowgraphs. Crude 
as they were, and certainly only shadows, it 
was very encouraging at that time to see 
upon the screen a definite indication that 
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progress was being made. The difference 
between shadow transmission and true tele- 
vision was, I knew, immense, but how 
difficult the task would prove I did net 
realise. until actually attempting it. For 
quite a long time no results of any kind in 
the transmission of the actual object could 
be obtained. After twelve months’ con- 
tinuous experimenting, however, I succeeded 
in sending outlines of simple objects in black 
and white. The step from shadows to 
reflected light had been taken. Although 
what was now done might in one sense be 
described as television, because it was the 
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Principles of the first Baird transmitter. 


transmission of actual objects, though only 
an outline and as crude black and white 
effects, television in the true sense of the 
word was still a long way off. True tele- 
vision means the, transmission of the image 
of an object with all gradations of light, 
shade and detail, so that it is seen on the 
receiving screen as it appears to the eye of 
an actual observer. Figs. 5 and 6 shows the 
mode of operation of my first machine.* 

A. The object to be transmitted is placed 
in a powerful light. For convenience I used 
originally a metal filament projection lamp 
of 1,000 candle-power; when a dummy's 
head is being transmitted this is quite 


XA model of the machine on which these first 
results were obtained was shown, 
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suitable, but it is much too bright to be 
comfortable for a human face: in fact, 
even a 500 candle-power lamp at a short 
distance has a most unpleasant effect on the 
eyes, and we now use a bank of 10 ordinary 
40-watt lamps at about two feet from the 
sitter. These lamps are controlled by a 
resistance and give ample illumination with- 
out distressing the person being transmitted. 

The lens dise B contains two sets of 
lenses in staggered formation, each lens 
casts a single strip of an image of A across the 
aperture Æ as the disc revolves, and as there 
are two sets of eight tenses the picture is 
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Fig. 6. 


divided into eight strips to obtain a finer 
subdivision, a rotating spiral slot F passes 
in front of the slot E. This slot rotates 
once for every four revolutions of the lens 
disc so that four times the number of strips 
are obtained. The slotted disc E revolves at 
4,000 r.p.m. and interrupts the light at a 
high frequency. 

The combined action of these revolving 
discs is then to cause an image of the object 
being transmitted to fall in a succession of 
little areas on to the light sensitive cell and 
thus generate a fluctuating current propor- 
tional to their light or shade. 

This fluctuating current is transmitted to 
the receiving station by wire or by wireless. 

At the receiving station the current is 
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amplified, a three-valve low frequency ampli- 
fler being used, the amplified current controls 
the glow discharge lamp K. 

This lamp shines through a rectangular 
slot in front of which revolves a slotted disc 
and a lens disc similarly arranged to those 
at the transmitter. 

These discs revolve in synchronism with 
the corresponding discs at the transmitter, 
and their combined action projects the 
spot of light formed at the intersection of the 
spiral and the slot on to the screen F. 

This spot of light traverses the screen in 
exact synchronism with the traversal of the 
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image over the cell at the transmitter and 
also varies its brilliance in accordance with 
the intensity with which the cell is illumin- 
ated. The spot of light is thus bright at 
the high light and dim at the shadows and 
the operation is gone through with such 
rapidity as to cause the whole image to 
appear instantaneously to the eye due to 
persistence of vision. 

Demonstrations were given at Selfridges 
in 1925, these being the first public demon- 
strations to be given of television, although 
many of the audience had very little thought 
of what it was about, the idea being prevalent 
that this machine heralded the disappearance 
of all personal privacv, and was, in fact, a 
kind of telescope that had merely to be 
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focused on any desired spot and its fortunate 
possessor would see exactly what was going 
on there, through brick walls and round 
corners. One lady anxiously asked if her 
privacy could be protected by pulling down 


Fig. 7. Photograph of an image on the televisor screen. 


blinds. When it was explained to her that 
there was no more danger of her being seen 
unaware than there was of a private con- 
versation being overheard by the ordinary 
telephone, her relief was great. 

This demonstration at Selfridges attracted 
a considerable amount of attention, but a 
great deal of ground had still to be covered 
before it would be possible to have true 
television and see, for example, the living 
face with half-tone and detail. 

The machine went back to the laboratory 
at Frith Street and was entirely remodelled, 
the optical system was improved, and the 
mechanical imperfections as far as possible 
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eliminated. The effect of these alterations 
was greatly to improve the clearness of the 
images, but although much more sharp and 
distinct, they still remained mere black and 
white effects, without detail and without 
gradation of light and shade. The human 
face, for example, appeared on the screen 
as an oval of vivid white, and, if the mouth 
was opened, a flickering black spot appeared 
in the middle of this white oval. The 
trouble did not lie in the mechanical or 
optica] part of the apparatus, but on the elec- 
trical side of the problem, and essentially in 
the light sensitive cell. I made many 
attempts to improve this, including the 
construction of a cell made from visual 
purple out of a human eye. There was 
considerable difficultv in obtaining the eye, 
but at length I was fortunate in finding a 
surgeon with a keen scientific interest who 
supplied a fresh human optic. This cell 
when first constructed gave a quite appreci - 
able reaction to light. 

At the present time, owing to the patent 
situation, I am not at liberty to give tech- 
nical details of the device finally developed, 
but towards the end of 1925 the difficulties 


Fig. 8. 


At the transmitting end. 


were successfully overcome, and the images 
of various objects, including the living 
human face, were transmitted with half-tones 
and details. These images were at that time 
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very defective. The general effect has been 
compared to the earliest cinematographs, 
a continuous flickering being present and 
the images lacking in clearness and badly 
liable to distortion. 

A photograph of one of the first images 
seen on the Televisor is given in Fig. 7. 
It is very imperfect but is the first of its 
kind. 

These defects were chiefly due to the 
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The transmitter at 2TV is shown in Fig. 9. 
This is an ordinary telephony transmitter 
working on 200 metres with a power of 
250 watts. Instead of sending out telephony, 
however, we send out these image sounds 
which some of you have heard. We have a 
licence for another transmitting station for 
our Harrow Laboratory, but we are only 
using this as a receiving station at present. 

In conclusion, J will endeavour to answer 


Fig. 9. 


mechanical and electrical imperfections in 
construction. They are being steadily 
eliminated. 

Fig. 8 shows subjects being televised to 
Harrow from 2TV. Some of vou who have 
been working on 200 metres will have heard 
his face going through the ether as an un- 
pleasant rasping sound. Different faces give 
- different notes, and it is quite possible to 
distinguish between two different faces by 
their sounds. 
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a question which is very often asked, that 
is when are televisors to be available to the 
public? The answer to this question depends 
upon many considerations. The step from 
the laboratory to a marketable commodity 
entails a very considerable amount of 
development work and also financial organisa- 
tion. If, however, we decide to place on the 
market an apparatus capable of receiving 
images of such restricted views as the head 
and shoulders of the person speaking into 
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the microphone, I think it is safe to state 
that such machines will be in the hands of 
the amateur experimenter before the end of 
the ensuing vear. 

Wireless telephony owes its present state 
of development in no small measure to the 
activities of the amateur, and unquestionably, 
the future development of television will be 
at least equally influenced by his co-operation. 


DISCUSSION. 


Mr. A. Hinderlich: One statement made was 
that Mr. Baird was placing the results of his 
researches at the disposal of amateurs who want 
to investigate this problem. I hope that we shall 
be given some account in detail of what has been 
accomplished—the bare facts, such as the number 
of dots per second and the number of gradations 
of light that have been transmitted, and also the 
weak spots in the apparatus, whether it is the 
photo-electric cell or some other part, so that 
research could be concentrated in order to solve 
the problem as quickly as possible. I hope that 
Mr. Baird will find it possible to add to his paper 
and give that sort of detail with regard to those 
portions of the apparatus which at the present 
time are in most need of improvement. 


A Visitor: I think Mr. Baird and Colonel Yelf 
are to be heartily congratulated upon the results 
they have obtained. Ihe historical summary of 
the previous work on the subject is extremely 
interesting. There are a number of technical 
points upon which I, as an amateur in this subject, 
am anxious to get information, and possibly, 
although Colonel Yelf docs not wish to reply to 
questions, Mr. Baird mav be induced to send a 
written communication. In Fig. 5 a disc was 
shown with a number of lenses arranged in a spiral 
fashion, and it seemed to me that that is just the 
equivalent’ of having a single fixed lens and a 
number of small spiral holes arranged on a much 
smaller disc. No doubt, however, Mr. Baird has 
some reason for using what appears at first sight 
to be a somewhat clumsy arrangement. With 
regard to the rapidly rotating disc, which rotates 
4,000 times per minute, with a view to chopping 
up the hght, I do not quite see how this scheme is 
going to be used if a large number of impulses are 
being sent. Supposing, for example, 100,000 
impulses are being sent per second. That would 
make a picture a tew square inches in size, and the 
chopping up effect would have to be at least 10 
times as rapid. That would be 1,000,000 per 
second, and one seers to get at once to a speed 
at which it would be impossible to rotate the disc 
rapidly enough. I am sorry that we did not hear 
more details of the actual apparatus that is being 
used at present, but no doubt the patent situation 
is responsible for that. 


Lieut.-Colonel Yelf: 1 verv much regret that I am 
quite unable to replv to technical questions. Mr. 
Baird told me, however, that he would certainly 
answer any questions that were put to him, on paper 
or in anv other fashion. As l have said, he was 
very sorry that he could not get here in person. 
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I cannot do more than to ask you to write to him 
or to see him, and I am sure he will clearly explain 
all these technical things. 


Mr. Maurice Child: In order to get my remarks 
on record, and in order that we shall not miss an 
opportunity, as a Society, to make it known that 
we are alive to the forces which may be acting, 
and sometimes do act, against our interests as pure 
experimentalists, I want to raise the question— 
which no doubt Mr. Baird will answer, either in 
correspondence or in the Press—of the necessity 
which I gather from this paper has arisen for him 
to obtain a licence from the Postmaster-General 
to conduct his experiments on television. The 
1904 Act very specifically lavs down that it shall 
not apply in any way to the use of electrical 
machinery or the use of waves for the control of 
electrical machinery other than for the transmission 
of messages. I am afraid I have not quoted it 
absolutely correctly, but it is verv nearly that. 
Now, it is important that we, as a Society, should 
watch the working of that Act very closely while 
it is still law. Of course, it mav be that Mr. Baird 
has required a licence in order to use his apparatus 
for telegraphic or telephonic purposes as well as 
the transmission of pictures. As I read the Wire- 
less Act, I think it is not absolutely necessary in 
law that ke should obtain a licence to conduct 
experiments in wireless television, the wireless 
transmission of pictures, or the transmission of 
images. It is not necessary in law to obtain a 
licence when we want to control a boat by the use 
of Hertzian waves. We can control machinerv at 
distances by the use of Hertzian waves, and we 
can generate those waves in any way we like 
without the necessity of going to the Postmaster- 
General for permission. Whether it is necessary 
or desirable in the future that some control should 
be taken by the State is another matter, but I 
submit that we, as a Society, have to be careful 
not to allow little things like this possibly to slip 
in and create a precedent. That is really my 
object in speaking on this point in the interests of 
the Society. 


The Chairman (Brig.-Gen. Sir H. Capel Holden) : 
I hope it is clearly understood by everybody in 
this room that unless the television transmitter 
can see vou—and the transmitter has only the 
powers of the human eve, so to speak—nothing 
will be transmitted, and therefore, the control of 
television is very complete. It is rather curious, 
I think, that the apparatus invented by Mr. Baird 
should depend to a certain extent, if not entirelv, 
upon what might almost be called a defect in the 
human eve; that is, the fact that the human eve 
has its limitations in seeing intervals of light and 
darkness—-if I mav put it quite simply—and is 
not able to pick up a number of pictures at more 
than a definite rate. I am talking now ofa number 
of different pictures. We see this in the everyday 
application of the cinematograph. We know that 
the standard number of pictures per second—1.c., 
the minimum-— which is necessary to give you a 
continuous picture, or what appears to be a con- 
tinuous picture to the eve, is 16. If it were not 
for that fact I think that the present ideas and 
apparatus for the transmission of objects—tele- 
vision, in fact—would not be practicable at all. 
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Mv own feeling is this, that if television is to come 
to stay it will come in some very simple and 
unexpected way. I remember that when the 
telephone was invented people, such as Reis and 
others who had been working on similar lines 
before, had not realised that a simple piece of 
apparatus such as the Bell telephone—which is 
still, I was going to say, unimproved, or very 
little improved— could possibly be made to record 
the variations and fluctuations of the human voice. 
The telephone, as we all know, passed the stage of 
being a curiosity a long while ago. At the same 
time, speaking as one who can remember the 
original telephone and the reception it had from 
scientific men, I can say that those who had not 
seen it said it did not exist, and those who did see it 
marvelled at it and said they did not understand 
how it could possibly work in the way that it did. 
Before sitting down I might just remind you that 
at the time of the Jubilee of the electric telegraph 
the late Sir William Preece, at the Conversazione 
held at the Natural History Museum, South Ken- 
sington, showed an apparatus which did exactly 
what we have been asked to picture in the future. 
Mv recollection of it is this. There were two rooms 


739 


December, 1926 


at the Natural History Museum in which the 
apparatus was situated, and one was asked to send 
one's friend to one end of the line, and to speak 
to him or her from the other end. One person 
did so, and another sat down at the table with the 
ordinary telephone receiver and transmitter. 
Beside the transmitter in front of the speaker there 
was a black velvet curtain, and having called up 
one's correspondent at the other end, and having 
received the reply signal in the ordinary way, the 
curtain went up, one saw one's friend sitting at 
the telephone and heard him, or her, speak. This 
was the gigantic success of the evening, but un- 
fortunately, Sir William Preece, or the people 
who were responsible for the entertainment, 
omitted to state that the whole thing was a fake 
and that all one was doing was merely to look 
through a piece of thick plate glass, somebody 
having taken vour friend right through the Museum 
and back again to the other side of the glass. 
The disastrous part of it was that some of the most 
prominent papers of the country had leading 
articles about it the next day, not having been 
warned that the whole thing was a conjuring trick, 
if vou like to call it so. 
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Wireless Development Since the War. 
LE.E. Wireless Section— Chairman's Address. 


Abstract. 


HE opening meeting for the new session 
of the I.E.E. Wireless- Section was held 
on 3rd Novemher, the chair being taken 

by the Institution President, Dr. Eccles. 

The first business was the moving, by Mr. 
E. H. Shaughnessy, of a vote of thanks to 
the retiring Section Chairman, Major B. 
Binyon, for his services during the previous 
session. Reference was particularly made 
to the work of Major Binvon in the recent 
new constitution of the Wireless Section, and 
to the high professional status now conferred 
by membership of the Section. The vote 
was seconded bv Dr. R. L. Smith-Rose, and 
carried with acclamation, when Major 
Binyon briefly replied. 

The President then introduced the Section 
Chairman for the new session—Prof. C. L. 
Fortescue—who proceeded to deliver his 
‘Inaugural address. 

He too made reference to the new consti- 
tution of the Wireless Section, and to the 
value of membership as a mark of professional 
standing. It had been further decided to 
inaugurate local Wireless Sections at the 
Institution Centres throughout the country, 
and one had already been started in the 
South Midland Centre at Birmingham. 

The papers read before the Section consti- 
tuted a record of current wireless develop- 
ment. It was notable that there had been 
recently no paper on short wave working, 
and he hoped that something of the kind 
might be given this session. Several papers 
read were of interest to line engineers, and it 
was to be hoped that there might be close 
co-operation between this activity of the 
maln Institution and the Wireless Section to 
cover the complete field of electrical com- 
munication. 

The outstanding feature of the past twelve 
months had been the opening of the Rugby 
Station. Whether or not this was the last 
long wave station, it was a monument to the 
engineering solution of practical problems. 
The continued development of Broadcasting 
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was satisfactory, and great service had been 
rendered bv this agency during the General 
Strike. The transmission of pictures was 
now devcloped to the extent of establishing 
a regular service. It was doubtful if the 
value of this was recognised, and it was 
possible that in the near future it might be 
more advantageous to transmit a sheet of 
print as a picture than by the present 
methods. Considerable possibilities of tele- 
vision were also opened up. 

The Chairman then turned to a critical 
review of the development of wireless in the 
past seven vears. In 1919, he said, most of 
the war-time developments were well known, 
but little had been applied commercially. 
He proposed to discuss progress in the 
matter of Transmitters, the Transmitting 
Medium, and Receivers. 

Transmitters. 

The position of the arc generator remained 
unchanged. The necessity for coupled cir- 
cuits had already been recognised and it had 
been shown by P.O. engineers that the use 
of coupled circuits did a great deal to clean 
up the emission from an arc generator. It 
was unlikely that the arc could now compete 
with H.F. alternators and valve transmitters. 

As regards H.F. alternators, the Alexan- 
derson form, using a frequency equal to that 
of the aerial, required revolution at about 
twice the normal commercial speeds. The 
Latour machine in France approached more 
nearly to commercial forms. In Germany 
an alternator had been designed generating 
at IOKC frequency, and had been used 
with transformers for C.W. transmissions at 
500kC (600 metres). Little information 
was available as to the working performance 
of alternators, but it was apparently satis- 
factory. 

The development of the power-valve for 
transmission had followed the lines 'fore- 
shadowed in 1919. Silica valves up to 25kW 
anode dissipation had been made, while 
the water-cooled tvpe had become possible 
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by the improvement of technique, rendering 
it practicable to seal nickel into glass. 
These and silica valves were both permanently 
sealed and suffered the same disadvantage as 
the glass type in the matter of filament 
renewal. An alternative type, initiated in 
Britain but developed in France, used 
ground-glass seals, and was permanently 
connected to the pumps. The disadvantages 
of this were less serious than at first appeared, 
since any filament renewal at a transmitting 
station involved the use of pumps. 

Practice varied as to the rating of valves, 
but anode dissipation wih safe anode 
voltage appeared to be the most desirable 
standard to specify. This problem was 
allied to that of valve amplification factor 
and grid mesh. 

The Rugby system of tuning fork control 
appeared to be likely to become standard. 
Looking ahead a number of transmitters 
might be controlled by one or two forks at 
a central standardising establishment. 

Modulation for both morse and telephony 
had been perfected in detail. For the latter 
especiallv, the demand was for freedom from 
distortion, and the modern microphones, 
while less sensitive, satisfied this requirement. 
All emissions could be regarded as a carrier 
and sidebands—handspeed morse corre- 
sponding to a narrow band, high-speed morse 
and telephony to wider bands. Telephony 
could now be conducted with the carrier and 
one sideband suppressed, and it was possible 
that the same might be done for high-speed 
morse. 


The Transmitting Medium. 


In rg1g the need for a reflecting layer 
theory was already recognised. Down to 
1,000 metres the Austin Cohen formula gave 
sufficient accuracy, but with waves of below 
100 metres there were new factors, especially 
that of skipped distance. The present 
theory was that the layer was not a layer, 
but a region where the mean free path of 
electrons became a few centimetres. The 
effect of the waves on light electrons was 
discussed by the lecturer and illustrated by 
slides. The refraction was less with long 
waves. At about 200 metres wavelength 
there appeared to be a critical or resonance 
effect, marking the change of effective index 
of refraction from Jong to short waves. The 
loss of energy due to absorption by the layer 
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was small. Refraction into space was perhaps 
more important, but he doubted the extent 
of this action. ; 

Generally the effect was that with long 
waves the direct ray did not fall off rapidly. 
The upward rav was quickly reflected, and at 
about I0,oco metres regions of poor reception 
caused by this interference were definitely 
established. At greater distances the effects 
were complicated by multiple reflections. 
With short waves the direct wave fell awav 
rapidly, and the effect beyond the skip was 
due to the returned waves coming down with 
just sufficient bend to arrive back at the 
earth at the receiving station. These waves 
would always be liable to changes in the 
layer, and short waves were always likely to 
be subject to marked fading. The matter 
was one in which the mathematical physicist, 
the geophysicist and the wireless enginecr 
were all interested. 


Receivers and Reception. 


The lecturer then turned to the matter of 
the receiver. As regards special aerials the 
Beverage antenna had given good results, 
though its theory was still uncertain. It was 
generally thought its action was due to 
standing waves being set up by the hori- 
zontal component of the incoming wave, but 
it was pointed out that, even if there were 
no horizontal component, the vertical field 
would still tend to produce this result. 

Receiver selectivity still depended on the 
balance between negative and positive react- 
ance. The design of a receiver depended on 
the width of band to be received. For 
telephony all side bands up to 5,000 cvcles 
were necessary, while the argument for high- 
speed telegraphy was similar. 

There had been no important changes in 
the aspects of amplification, but the import- 
ance of neutralising electrode capacity was 
now fully appreciated. The alternative pro- 
blem of shielding the grid had been tried, 
and good results had so far been obtained. 

Atmospherics still imposed a lower limit 
on reception, and work on their wave form 
had shown the shapes of these impulses to 
be capable of expression as an infinite 
number of sime wave terms. A receiver of 
any band width will thus absorb the energy 
present for that band. No limiting device 
yet gave much change of the signal/atmos- 
pheric ratio, and the only other remedy was 
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increase of power. How far this could be 
carried was a matter for the urgent attention 
of the authorities concerned. 

As regards high frequency measurements, 
the most important was that of frequency 
itself, and this could now be made with an 
accuracy of I in 100,000. This accuracy was 
not in excess of that required in practice, 
since the allocation of broadcasting fre- 
quencies involved no aural heterodyne at 
14 million cycles. Stations on the same 
wavelength must therefore be identical. 
The quartz oscillator was an important 
contribution to frequency stability. 


Broadcasting. 

As regards Broadcasting itself, in 1919 
this was not in existence, although morse 
broadcast of news was already well known. 
In both Great Britain and America, post- 
war amateur interest had centred on tele- 
phony, and astonishing developments had 
occurred in five years. The problem of 
programmes would never be settled until 
every receiver had a choice of three pro- 
grammes. In this connection transmitters 
near populous areas might need review. 
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Whatever the future progress under the 
Broadcasting Corporation, the Broadcasting 
Company had rendered great public service. 
Opinion was agreed that the controlling 
body must have a strong standing for.the 
sake of both national and international 
arrangements. 

As regards the interference from commer- 
cial traffic, especially on spark signals, the 
lecturer offered a suggestion of solution. 
The standard to be considered must be that 
of the number of individuals benefited. In 
this view the advantage was with broad- 
casting, which called for a lessening of inter- 
ference from commercial coast work. This 
objection did not, of course, apply to distress 
or emergency signals. The lessening of this 
interference was largely a financial concern. 
Might it not be possible to apply some of 
the surplus broadcasting revenue to the 


-reduction of this commercial interference ? 


On the motion of the President, Prof. 
Fortescue was cordially thanked for his 
address, which was ordered to be published 
in the Journal of the Institution. 
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Further Notes on the Laws of Variable Air 
Condensers 


(With special reference to Aerial Tuning Condensers). 


By W. H. F. Griffiths. 


N a recent issue of E.W. 6 W.E.“ the 
| presen: author developed a number of 

formule for the determination of the 
plate shapes necessary in order that variable 
condensers of the rotating plate type shall 
have definite laws connecting wavelength 
(or frequency) and angular movement. 

The laws dealt with were the following :— 


| Capacity Law | ' Plate 
No | (the generally Law of Riia | shape 
' | accepted | re given 
| nomenclature) ii (DE ATEGVENEVIS, by :— 
Ordinary straight | 
I line law (of capa- | R, 
city) TT 
2 |, Square law (of area — | Ry 
only) 
Straight line 
3 | Corrected square | law of wave- | R, 
law length 
Straight line | 
4 Inverse square law | law of fre- | R, 
| quency , | 
Uniform per- | 


| 
| centage 
| change of 
\ 
| 
| 


' Exponential law both wave- | Ri 
length and 
frequency | 


| 


"Examples of plate shapes were also given 
for condensers to suit these laws and having 
quite normal values of residual capacity. 
In these examples a residual capacitv value 
of 36uuF (at zero scale reading) was 
assumed, the actual minimum value of the 
condenser being augmented bv coil distri- 
buted capacity, inter-electrode valve capa- 
city, lead capacities, etc., to give this 
resultant residual value. 

lf the condensers to be designed are, 
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however, to be used as aerial tuning con- 
densers in parallel with aerial loading in- 
ductances or in other circuits where appre- 
ciable values of capacity are constantly in 
parallel with them, their plate shapes will 
be very different from those of the examples 
given in the previous article. As the ratio 
of maximum to minimum capacity becomes 
smaller, the plate shape naturally becomes 
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Fig. 1. 


more nearly semi-circular, so much so that, 
in some cases of parallel tuning of large 
aerials, a variable condenser having ordinarv 
semi-circular plates will give a wavelength 
law more nearly linear than that obtained 
bv the use of corrected square law plates, 
designed for condensers having residual 
capacities of lower values. 

If a variable condenser having minimum 
and maximum values of IbuuF and 450p} 


December, 1926 


respectively is connected in a circuit 
whose augmenting capacities amount to, 
say, 20uu]“ only, its effective residual and 
maximum values are 36upF and 500pupF. 
An ordinary semi-circular plate condenser 
having these values (and augmented to this 
extent) will give the wavelength curve, 
501/C, shown by the full line curve of 
Fig. I, far removed from a linear law. The 
same condenser used in circuits having 
initial augmenting capacities of 84uuF and 
284uuF, produces the wavelength curves of 
Figs. 2 and 3 respectively. From these 
curves it will be seen that a semi-circular 
plate condenser will give a fair approxi- 
mation to an even scale of wavelength if 
its zero is sufficiently “set up’’ by a com- 
paratively large value of constant parallel 
capacity. 
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Fig. 2. 


In order to visualise more clearly the 
wavelength scales corresponding to these 
three curves, scale graduations at 50-metre 
intervals have been included in Figs. I, 2 
and 3. | 

It is interesting to design the plate shapes 
that will be necessary in order to make these 
wavelength scales absolutely uniform using 
formula (13) of the previous notes. 
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a=[114.6{2ka (a0 +b) LK) 


a PN A E ee 
~ Maximum capacity — Residual capacity 


where 


a y2 


(r being the radius of the central 
114.6 cut-away portion of fixed plates.) 


: 180 
and AJ 
b, ~= 1/ Residual capacity. 
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Fig. 3. 
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The radii of these plates at various angles 
9 are given in the table on next page; 
in each case the minimum capacity of the 
actual condenser itself is taken to be IuuF 
and the maximum value 480wuF, the three 
cases being for added constant capacity 
values of 20ouuF, 854uuF and 284upF. 

The total plate area is in each case assumed 
to be 20 square centimetres. 

The plate shapes drawn from these values 
are given in Fig. 4, A, B and C; semi-circles 
have been drawn in on these shapes to 
facilitate comparison. In Fig. 5 the radii 
are plotted against angular displacement. 
Since all these plates have been designed 
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to give the same total area their radii at 
go degrees are equal and the curves therefore 
all cross at this point O. As the ratio 


| 
C 


Fig. 4. 


of maximum to residual capacity becomes 
less, the curves become flattened and more 
nearly horizontal, a horizontal line OD 


THE RADII OF PLATES AT VARIOUS ANGLES 8 


= es —— 


Radius A Radius B Radius C 
6 Max. Cap. Max. Cap.) Max. Cap. 
deg. s00ppuF. 504upF. , ZOgpph. 

-< Resid. Cap. Resid, Cap. 4 Resid. Cap. 
30u. 1ooupl. 300up!l, 
cms, cms. | cms, 

o 2.49 2.85 3.19 
IO 2.02 2.94 | 3.23 
20 | 2.76 3.02 3.27 
30 2.89 3.11 | 3.32 
60 | 3:24 3-35 3:45 
90 3-50 3°57 | 3-57 
120 3.85 3.78 i 3-09 
150 4.12 3.98 3.81 
180 4-37 4.17 3.92 
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through the point O being, of course, the 
curve corresponding to an ordinary semi- 
circular plate of the same area, and there- 
fore for a condenser of the same capacity. 

In Fig. 6 two curves are given from which 
corrected square law plate shapes can be 
at once roughed out for any capacity pro- 
vided that the ratio of maximum capacitv 
to minimum capacity does not exceed I5. 

The required total plate area being known, 
the plate radius (R50) at 90 degrees is first 
found from 

Rio = | 2 {total plate area) 
7 

and the radii at o” and 180” are then directly 
determined after reading the ratios Riso, Rso 
and R,o/R, from the curves of Fig. 6. 
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Fig. 5. 
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It should be noted that both of these 
ratios become unitv when the ratio of 
maximum capacity to residual capacity is 
reduced to unity, t.e., when the capacity 
change is made infinitely small the corrected 
square law plate becomes an ordinary semi- 
circular plate. 

From a knowledge of the radi at o°, 
90° and 180°, a corrected square law plate 
may be sketched out with fair accuracy if 
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the ratio of the resultant 
capacities at 180° and 0° 
than 15. 

Although it is a relatively easy matter 
to design plates for condensers to conform 
to definite laws when such condensers are 
to be connected in parallel with other “ zero 
augmenting capacities, it is rather more 
difficult to design suitable plates for use in 
variable condensers to be used in series 
with constant fixed capacities, such as is 
the case with series aerial tuning condensers. 
It is important to be able to obtain definite 
“laws” from such variable condensers, also, 
for the reason that the accuracy and con- 
stancy of a large variable condenser is often 


(augmented) 
is not greater 
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improved considerably by the addition of 
a low value fixed air condenser of great 
constancy in series with it. The chief 
objection to a series fixed condenser is its 
alteration of the “law” of the variable 
condenser with which it is associated. This, 
of course, is the case even with the linear 
law of capacity condenser of the ordinary 
semi-circular plate tvpe as the curves of 
Fig. 7 show. This figure gives the capacity 
curve C of an ordinary semi-circular 
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plate condenser of S500uuwF maximum 


capacity and 36ypF residual capacity, 
and the corresponding curve of resultant 
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Fig. 7. 


capacity Cr when a 500upuF constant 


value condenser is added in series with it. 
Since the wavelength of an — circuit 
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is proportional to the square root of its 
capacity it follows that the curve of wave- 
length plotted against degree scale reading 
will, in this case, be very far from ideal. 
The wavelength curve A=50YCx obtained 
with this resultant capacity is given in 
Fig. 8. 

The design ofa plate shape to give a 
straight line law of cafacity when the 
variable condenser for which it is intended 
is used in series with a fixed capacity will 
now be proceeded with. This will be 
followed by a similar treatment of all 
the other special laws useful in wireless 
engineering. 


Plate Shape for Straight Line Law of Capacity 
(with fixed series capacity). 


Let C be the capacity of a variable con- 
denser, 
C; the capacity of a constant value 
condenser in series with C, 
and Cpr the resultant capacity of the two 
condensers in series. 


In order that CF shall increase uniformly 
with angular rotation of plates, the law 


Cr=al +b (27) 
must be satisfied. 
But 
I_I _I — Ci— CR 
C Cr “E Cy Cr 
_ CICR 
= Cj— CR 


Hence, from (27), 
particular case, 


G= 


writing C, for C in this 


C; (a;0 + b.) 
Cr— (a:0+b:) 


where a; and 6; are constants depending 
upon the maximum and augmented residual 
capacities of the variable condenser and 
upon the value of Cy. 

When @=0, C, must obviously equal 
the residual capacity of the condenser, and 
SO :— 


(28) 


Residual capacity = = 


from which 
ua C; (Residual capacity) (29) 
Cy + Residual capacity ` 


And when @ = 180, Cs; must be the maximum 


747 


December, 1926 
capacity of the variable condenser, and 
SO :— 
180Cya, + C fbs 
Maximum capacity = e o Em 

from which 

_ I (Cr(Max. cap.) z ) 
180 lC; + Max. cap. `) 


For any desired values of maximum and 
residual capacities and with any value of 
fixed series capacity therefore, the capacity 
at any scale position required to give a 
straight line law of resultant capacity can 
be directly calculated from equation (28). 

C, is, of course, a composite capacity 
consisting of the residual capacity plus that 
due to actual plate area in operation, and 
the part due to actual operative plate arca 
is, naturally, equal to :— 


Cs — Residual capacity. 


(30) 


as = 


Therefore, from equation (28), the area of 
the plate at any angle 0 will be given by :— 


= le— (a,9+ 5) 


where œ is a constant depending upon the 
total plate area. 

This, however, neglects to take account of 
that semi-circular portion of the moving 
plate which is rendered inoperative by the 
cut-away portion of the fixed plates round 
the central spindle of the condenser. A 
term must be added to compensate for this. 

The inoperative area is always a sector 
of a circle of radius r and is 


0 


AT pesu S A 
2X57.3 
and this mav be written K0 where the 
constant K=y?/II4.6. 
The complete expression for plate arca 
now becomes :— 


( Cr(a,0 --b,) 
(Cy— (a;b + bs) 


— Res. cap. | (31) 


A; = k- — Res. ĉap.) + K0 
(32) 
when 9 = 180, A, is, of course, the total 
plate area, and if this is given, the value 
of the constant k may be found, fer :— 
Total plate area 
= k(Max. cap. — Res. cap.) + 180K 
from which the constant 
Total plate area — 180K (33) 
~ Max. capacitv— Res. Capacity ° * 
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From equation (5) of the original article“ 
the radius R at any angle 0 is :— 


114.6 ddi 


= do 


and, from (32) 
( C (a,0 + b.) 
Au =p. TALAJ 3 
IC, (a,0 + bs) 
aA; ah kasCy? 
d0 (C— (a;0 + b,)} 
Therefore the radius of the uniform resultant 


capacity variation plate at any angle 0 is 
given by :— 


— Res. cap. --K8 


„LK (34) 


ka,C;? 1 

R,=| 1146 — I E = K} | 
t91 cer Sl. 
As an example, a condenser having a 
maximum value of 500uuF and an aug- 
mented residual value of 
36upF has been taken, 


| 8 Rs (these values are those of 
| deg. | (cms.) ! the ordinary condenser for 
| which the curves of Figs. 
| 9 2.74 7 and & were plotted), 
ki ao d a fixed capacity of 
ĵo. i zos and a fixed capacity 
50 i 300 500upF is assumed to 
7 | 3.22 be connected in series 
90 | 3.40 with it. The total plate 
ITO 3.00 bree e 
ĉato 3.88 area permissible is as- 
| 150 4.18 sumed to be 20 square 
| 170 4.52 centimetres and the centre 
4.73 “cut-away ” radius 7 of 


---' fixed plates to be 1.2 
centimetres. It is required 

to give a resultant uniform capacity scale. 
The capacity curve C, for this condenser 
calculated from (28) is given in Fig. 9 


* The radius of the plate at any angular position 
@ may be found in the following manner :— 


For small angular increments, c0, the incre- 
mental areas may be regarded as sectors of circles 
of radius KX, and as the area of a sector of a circle 
is : l 


a l 
. R? (Radian = 57.3 degrees). 
E ta 7-3 degrees) 
— — KI = 
2 X 57-3 ĝi 


From this. 


p NA r4oĉd 
oO 


and by making the angular increments ¢@ infinitely 


small the exact value of R is obtained thus :— 
= 
R= 114.6 “ 
a ag 
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together with its required resultant capacity 
curve Cr from (27). The tabulation below 
gives the radii (R) of the required plate 
calculated from formula (35) and Fig. IO 
shows the plate shape drawn using these 
radii. 


HEF 


100 120 140 160 180 


0 


Cr(a,0--b;) 


Cee 
3 Cf e (a,8 + bs) 


Fig. 9. 


Beneath this plate shape is drawn the 
ordinary semi-circular plate of equal area 
for the condenser when the series capacity 
is increased to infinity (short-circuited). 

In this case 

C, = (a,0 -Hb,) 
where „= Residual capacity 
_ Max. capacity—KRes. capacity 
ISO 
A; =k{(a,0+6,) — Residual capacity) + K8 
d4,/40= ka, FK 
R, = [114 0{ka, LK)! 
which, of course, being constant, is the radius 
of a true semi-circle. 

Fig. II gives the wavelength curve 
A = 50VC, obtained with the condenser 
having plates of radii Rs, for comparison 


and a, 
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with that of Fig. 8 obtained when using an 
ordinary semi-circular plate condenser in 
series with the same fixed capacity. 


ka.Cy2 


kisis [ 114.6] UCr- (as +s) }? +x} ] 


| 
R = [1 14.6{ka,+ Ky} 
Fig. Io. 


Plate Shape for Corrected Square Law of 
Capacity (with series fixed capacity). 


The same method may be employed to 
design a plate to give a uniform wavelength 
scale to a series variable condenser. 

Employing similar notation to that of the 
previous case the resultant capacity of the 
variable and fixed capacities in series will 
have to be such that :— 


Cr= (ad + b)? (36) 
and 
a ie 
o Ee) 
C;(a„0--b 
Gar E (37) 


Cy—(a,6+ b,)? 
as before, when 8= 0, C= Residual capacity, 
l be? 

Residual capacity = cf be 
from which the constant 

be = Cy (Residual capacity) 

Cy-+ Residual capacity (38) 


and when @=180, Cy = Maximum capacity, 
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Maximum capacity = _Cs(18 046 + be)? 


Cr— (I 80a, 4+- b „)2 
from which the constant 


Ko; f (Max. cap.) 
CĈ; + Max. cap. 


I Í 


a = 
57 180 


— be! (39) 


As in the previous case, the capacity due 
to the actual operative plate area is equal 
to C,—Residual Capacity. Therefore, from 
(37) the area of the plate in operation at any 
angle 0 will be given by :— 


( Cy (a,„0-- bs )? 


=EL (0 


).— Res. cap.) + KO 


(40) 
the term K0 being added to compensate 
for the inoperative centre portion of the 
plate as in the previous case. 


A METRES 


O 20 40 60 80 100 120 140 160 180 


0 


(See also Figs. 14, 17 and 20.) 


Fig. 11. 


The area constants k and K have the 
same values as in all previous cases. 

As before, the plate radi are found from 
the expression 


RJ ao le 


2 k í C; (a,0 + b,)? 


) 
= (Cy/— (a,0-b.)? 


— nas cap. j -+ Kô 
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dA, 


de (for the whole area expression) 


mes 2ka CR (a.0-- bs) 
Cy— (a,0 + b,)?}? 
Therefore the radius of the resultant uniform 
wavelength variation piate at any angle 6 
is given by :— 
( 2ka,C 2 (a,6 + be) T 
R = €e A ua K ` 
j [ru Gs aO J (42) 
Radii are quite quickly calculated from this 
expression and as an example a plate having 
the same total area as before and for the 
same values of maximum and residual 
capacity has been calculated for use with 
the same value of series fixed capacity. 


Maximum capacity = 500ppF. 
Augmented residual capacity= 3604HF. 
Series fixed capacity =5004HF. 
Total plate area = 20 square cms. 
= I.2 cms. 


+K 


(41) 


500 


300 


Pp F 


200 


100 120 140 160 180 


6 
_Cy(ag9+ 6)? 
Cf ~ (a8 + bo)? 
Fig. 12. 


20 40 60 80 


Ce = 


The capacity curve C, for the variable 
condenser calculated from (37) is given in 
Fig. 12 together with the curve of resultant 
capacity (Cr) of the two condensers in series 
from (36). 
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The tabulation below gives the radii (R,) 
of the required plate calculated from (42} 
and Fig. 13 shows the plate shape drawn 
using these radii together | 
withan ordinary corrected 


square law plate for com- , @ R, 
parison. Fig. 14 gives | deg. — (cms.) 
the wavelength curve !— = 
A=50VCg for this con- | „2 ra 
denser for comparison 40 2.56 
with those of Fig. 8 for 60 2.75 
an ordinary semicircular | {°° 3:37 
plate condenser and Fig. , ido oe 
II for a straight line law ' 180 5.06 


of resultant capacity con- 


| 


denser. 


R,= 114.6 EAA 
{Cy - (a0 +b)? 


a 


R,=(114.6(2ka,(a--b,)4 K))i 


Fig. 13. 


Plate Shape for Inverse Square Law of 
Capacity (with series tixed capacity). 


Employing the same notation for actual 
variable condenser capacity, fixed series 
capacity and resultant capacity, it mav be 
stated that in order to obtain a uniform 
scale of frequency 


(43) 


and 
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= C;l/(a,8--b.)? 
Cy—[1/(4:8+6;)?] 


Cr 


= Gad +5)? 1 (44) 


AN METRES 


0 


Fig. 14. (See also Figs. 11, 17 and 20.) 


The values of the constants a; and b, 
may be found from a knowledge of the values 
of the maximum and augmented residual 
capacities of the variable condenser and the 


value of the series fixed capacity. 
When 9=o, C; must be the maximum 
capacity 
Cr 
Ma: city = 
aximum capacity Cbr 


from which :— a 


b= N E armeoj o 


Maximum capacity 


(45) 


and when @=180, C, must be the augmented 
residual capacity. 
Cs 
Residual capacity = Coa ei 
from which :— 

=, Hit. 2 Id p.l 


osi emas o 6 
i 180 (1 Res. cap. z Cy (46) 
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As in the previous cases the part of C; 
which is due to the operative plate area, is 
C,— Residual capacity, and therefore the 
plate area in operation at any angle 0 
must, from (44), be — 


EET | sm nI E ssp soo \ 
A:=k Cae Res. cap. | 
+ K (180 — 8) (47) 


in this case the term to be added to com- 
pensate for łoss of active area round the 
condenser spindle being, for obvious reasons, 
K(180 — 0). 


The constants $ and K have the same 
values as previously, they are, in fact, 
unaffected by the law of the plate. 


dA: = [ 2a;kCpe(a;0+ b.) ] : 
dö Komo, el 


Therefore 
= Í 2a;kC}? (a:0+ b;) F 
R, EGTA b.): — 1}? +K} | 
(49) 


HLE 


100 


60 80 100 120 140 160 180 


0 
Cf 
i Cj(a;0--b;)— I 


C; 


Fig. 15. 
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The minus sign obtained when differentia- 
ting merely indicates that the area is de- 
creasing with increasing values of 8 and 
can be ignored in forming the expression 
for R.. 

To facilitate comparison with the pre- 
viously designed plates, the plate radii have 
been computed using the above formula (49) 
from the same data as before. 


Maximum capacity = 500upF. 
Augmented residual capacity= 36uuF. 
Series fixed capacity =5004uuF. 
Total plate area = 20 square cms. 
r = I.2 cms. 


The capacity curve C, for the variable 
condenser of this example, calculated from 
(44), is given in Fig. 15 which also gives the 
curve of resultant capacity, Cr, of the two 
condensers in series from (43). 


E f 2a-kCf?la,0- b.) 74 
= E a;0+ b; op K T 


Roe [ras eset) | 

3) 

Fig. 16. 
0 R, The tabulation here 
n ERIS) gives the radii (R,) of 
5 9.25 the required plate cal- 
10 6.95 culated from (49) and 
20 5:57 Fig. I6 is a scale drawing 
a Be of the plate shaped by 
90 242 | these radii together with 
120 202 | anordinary inverse square 

150 1.78 aw plz : = 

Oa | A | law plate (when C/;= œ) 


for comparison. 


752 


EXPERIMENTAL WIRELESS & 


Fig. 17 gives the frequency curve 


for this condenser for comparison with those 
of Figs. 8, II and 14 obtained with condensers 
having other plate shapes, although of the 
same area and, therefore, of the same total 
capacity and capacity range. 


KILOOYCLES 


O 20 40 60 80 


6 


(See also Figs. 11, 14, and 20.) 


100 120 140 160 180 


Fig. 17. 


Exponential Law of Capacity (with series 
fixed Capacity). 


The fourth type of condenser remaining 
to be treated in this manner is that which 
gives a uniform percentage change of wave- 
length or frequency throughout its entire 
scale. This type of condenser has already 
been fully explained by the author in a 
previous article and a plate shape formula 
given. If such a law is, however, to be 
satisfied by a variable condenser while in 
series with another capacity of fixed value 
the resultant capacity Cr of the two con- 
densers in series must follow the exponential 
law :— 


Cr = qe aa ae (50) 
and 
UCR 
Cr— Cr 
Crad 
= Ca do (57) 


When 0 =0, Cs = Residual capacity. 
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Cra, 
Cy—a, 


Residual capacity = 


from which 
Pree Cs (Residual capacity) (52) 
° Cy + Residual capacity 
and when 0 = 180, C, = Maximum capacity. 
Cy a,e%80%s 
Cf —a,e! 30s 


Max. cap. = 


from which 

C; (Maximum capacity) 
Cy-+ Maximum capacity 
and, equating logarithms, 


pp” 


0 20 40 60 80 100 120 140 160 180 
A 
8 = 
Cf— agtts 
Fig. 18. 


log a, + 180, log e =log (Cy (Max. o 


VC/-- Max. capacit 
„í Ci Max. cap.) jo | 
reg (Cy4Max. cap. S4 


— I l 
"~ 98.174 

(53) 
The expression for plate area in operation 
at any angle 0 may now be formed directly 
from (51) 


A,=ki Or E slas, cap. --K0 (54) 


\ Cr— a „et! 
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dAg BCpa dado 
Therefore 
baŭ 
R, zà | 1146, RCpa,b.e F K} | (56) 


l (Cj—aseds")2 


j 
KCpRa bado, K) 74 
R= ef RCS aabgered 
j [riu UC - so“ J ] 


R, = [1 14.6fkagbyebst + k})} 


Fig. 19. 


600 l-- 
VD 
[VU] 
a 
qi (9) 
uJ 50 
= 
rn 


400}- 


300 


0 


Fig. 20. 


(Sce als» Figs. 11, 14, and 17). 
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With the same data as before, an example 
of this plate shape has been calculated and 
the results given in the 
| capacity curves of Fig. 


| e R 18 aud in the actual 
_ deg. | (cms.) | scale drawing of Fig. 19 
o 1.82 | (Rs). es 
40 1.96 | The radii, calculated 
40 215 | from formula (56), which 
60 2.38 were used in drawing 
mon ro this plate shape, are 
| 150 | 4.74 | tabulated here and the 
180 | 716 | curve of wavelength 


___ plotted against degree 

scale reading obtained, 
When using a condenser having plates of 
this shape, is given in Fig. 20. 


Effect of Varying the Value of Series Capacity. 


A variation of the ratio of series capacity 
to variable condenser capacity has, of course, 
a very marked eftect upon the plate shape, 
and, since all the design examples have been 


Rg (PERCENTAGE OF R max.) 


60 80 
Fig. 21. 


100 120 140 160 180 


taken with this ratio equal to unity it will, 
perhaps, be desirable to illustrate, by means 
of the curves of Fig. 21, the extent of this 
plate shape variation. In this figure are 


754 


EXPERIMENTAL WIRELESS & 


plotted curves showing the relation between 


R, and @ for corrected square law plates ' 
of a variable condenser having the same 
values and plate area as 
before but designed to be 
“law-suited” to various 
values of series capacity, 
Cy, infinitv, 2,000, 1,000, 
500, 250, 125 and 62.5F up. 

The radii are given as 
percentages of the maximum 
radius (at 180 degrees) as 
this latter dimension usually 
determines the permissible 
plate area. The actual 
plate shapes corresponding 
with these curves are given 
in Fig. 22. 


Fig. 22. 


Conclusion. 


In conclusion it is thought that a summary 
of the formule and their constants will 
prove useful and these have therefore been 
tabulated overleaf in a form which facilitates 
comparison not only between the laws 
given in this article but also with those of 
the previous article. 

It should be remembered that if the 
value of the series fixed capacity has not 
been predetermined or estimated with accu- 
racy (as may, for instance, be the case in an 
aerial series tuning circuit) its effective 
value, if too large, may be suited to the law 
of the special condenser by the adjustment 
of a large capacity variable condenser in 
series with the latter. Also, if the residual 
capacity of a variable condenser designed 
to suit any particular law, is, in practice, 
found to be slightly lower than its estimated 
value, a small variable condenser of simple 
design may be paralleled with it and adjusted 
until the law is exactly satisfied. 

It will be seen, therefore, that, if the 
estimation of the values of the fixed series 
capacity and the residual capacity of the 
variable unit cannot be made exactly, it 
is better to under estimate deliberately the 
former and over estimate the latter so as 
to render these law satisfying adjustments 
possible. 
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Mathematics for Wireless Amateurs. 


By F. M. Colebrook, B.Sc., A.C.G.I., D.I.C. 
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(Continued from page 68o of November issue.) 


6. The Solution of Equations. 


(A5) (continued). 
the nth Degree. 


The General Equation of 


S stated in the preceding instalment, 
the most general form of the equation 
of the nth degree in one unknown 

quantity 1s 
ax®+ bxi cx"? + dx"-3+ etc., etc. + k= 0 


where the coefficients a, b, c, etc., can have 
any sign and any numerical value. First 
let us see how such a number.as that on the 
left-hand side of this equation can be built 
up. By multiplying together m simple 
numbers of the form x—a, x—f, 1—y, etc., 
it can be shown that 


(x—a) (x—B) (x—y), etc. ...m factors 
=x"—(at+Bty+t ... jpm! 
+(aB+Bytyé+ ...) x2 
—(aBy+Byo+ ... )x""3 etc.... 
(—I)”(aByĉ sb .) 

the coefficient of x""! consisting of minus 
the sum of all the a, f numbers, that of 
x” ® being plus the sum of all the products 
two at a time of the a, $ numbers, and so on. 
The coefficient of x° (t.e., the constant term 
not containing x) will be the sum of all the 
products at a time, t.e., the product of all 
the a,$ numbers, and its sign will be plus 
if n is even and minus if n is odd, which fact 
is conveniently expressed by the factor 
(—1)". The reader can easily confirm this 
general formula by multiplying two, then 
three, then four, simple factors together 
and arranging the product in each case in 
the above manner. For shortness, put 


(o+Btyti+...) = ba 
(aB +By+yè+...) = ca 


etc., etc., 
(—1)"k;a 


= 


(x—a) (x—B) (x—y) etc. . n factors 
= x" + (b/a)x""1+- (c/a)x""2, eto... kja 


and multiplying each of these equal'numbers 
by a will give 

a(x—a) (x—B) (x—y) . . . n factors 

=ax" +bx"-1+tex"-24 dx"-3, etc.. .. Rh. 
The above complicated number of the nth 
degree in x can therefore be expressed as the 
product of m simple numbers of the form 
X—a, and the general equation can be 
written 

ax" +bx"-1+exn-2+dx"-3 eto ...k 
=a(x—a) (x—ß) (x—y) .. . n factors = 0. 


As already explained, the equation will be 
satisfied when any of the individual factors 
are Zero, t.e., when x=a,B,y, etc. The 
numbers a,f,y, etc., are therefore the roots 
of the equation. Thus to solve the general 
equation of the nth degree, it is only necessary 
to break it up into its n simple factors; 
but this is easier said than done. In fact, 
generally speaking, it cannot be done. The 
only general method of solution is the 
graphical one already described, and even 
that is not much use from a theoretical 
point of view. Suppose x, for instance, 
represents the resonant frequencies of some 
coupled circuits, the coefficients of the 
equation being the electrical constants of the 
circuits. What one usually wants to know 
in such a case is the way the roots depend 
on the coefficients, t.e., one wants x explicitly 
in terms of a, b, c, etc., and the graphical 
method will only give the solutions for par- 
ticular numerical cases 1n a form in which the 
individual coefficients have quite lost their 
identity. 

However, certain general conclusions of 
some practical value can be drawn from the 
above discussion. The most important of 
these is that the general equation of the nth 
degree has n roots. Actually the above 
discussion only shows that an equation with 
n roots will be of the nth degree, but the 
converse is also true, though a rigid proof 
is rather beyond the scope of the present 
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series. The roots will not necessarilv be all 
different. For instance, the roots of 


x2—4x-+4=0 


are 2, 2, since x?—4x+4=(x—2) (x—2). 
This shows that the curve y=x?—4x +4 
cuts the x axis in two coincident points. 
If the left-hand curve in Fig. 11 (November 
issue) is moved up in the positive direction 
of the y axis the points in which it cuts the 
x axis will obviously come closer and closer 
together and will eventually coincide. In 
such a case the curve is said to touch the 
line tangentially. 

Again, the roots will not necessarily be all 
real. If the upward movement of the curve 
referred to above is continued beyond the 
position in which it just touches the x axis, 
the curve will not cut the x axis at all. The 
corresponding quadratic equation can still 
be solved, however, but it will be found that 
b2—4ac is now negative, so that 1/b2—4ac 
is imaginary, and the roots will be of the 
form $--g/—I, $—q91/—i1, as already ex- 
planed. The curve represented by the 
general function may have several such 
bends, and any of these which do not come 
down below the x axis will give rise to similar 
pairs of complex roots of the form p+ 94/—1. 
It can be proved that any complex roots of 
the general equation will necessarily occur 
in such pairs, so that if p-+g*1/ —1 is known to 
be a root, then $-—g1/ —I must also be a root. 
The proof will be given later if space permits 
of a fuller discussion of complex and imagin- 
ary quantities, but the above description 
shows clearly how this fact arises. 


The relationships between the roots and 
the coefficients, 1.e.,, the sum of the roots 
equals —b;a, etc., etc., may sometimes be of 
practical value even though the roots cannot 


be determined, and should therefore be 


noted. 

The expression of the general function as 
the product of the root factors shows that if 
one root of an equation can be found in some 
way, e.g., by “ guesstimation,” or by plotting 
the function over a likely range of values, 
then the degree of the equation can be 
lowered by one by dividing by the appropriate 
factor. (The method of division is illustrated 
in an appendix.) For instance, take 


x3 +-6.x2—3x—4=0 
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Here the sum of the coefficient is zero, which 
means that x=I satisties the equation (for 
the result of putting x=1 is obviously the 
sum of the coefficients). This means that 
(x—1) is a factor of the number on the left- 
hand side, and by division it will be found 
that 
x3+4+6x2—3x—4=(x—1) (x?+7x%+4)=0 

so that the roots of the equation are I, 
together with the roots of the quadratic 


x? 7X +4 =0 
which can be found as described above. 


An interesting special case of the general 
equation is 


x"—I=0O 
or 
x” =I 
1.€., | 
n 
x=VI 


Since this equation must have n roots, we 
must conclude that there are n nth roots of 
unity. And so there are. For instance, 
consider 

X1—1=0. 
Remembering the result already established 
for the factors of a2—02, t.e., 


a?—b2=(ag—b) (a+b) 
the equation can be broken up into factors 
thus :— 
X-—I=(Xx?—I) (x2?+41) . 

(x—1) (x1) (x—+7/—1) (x--1/—1) =0 
so that the four fourth roots of unity are 
+I and --W—I. The significance of this 
will be made clear when we come to the 
interpretation of complex numbers. 

A great deal more might be said about the 
gencral equation of the nth degree, but it 
has already taken as much space as can be 
allowed for it. The important things to 
remember are that it has 4 roots, that any 
complex roots will occur in pairs ditfering 
only in the sign of the imaginary part, and 
that each root gives a factor of the equation. 


(BI) Simultaneous Equations for Two Un- 
known Numbers. 


It has been shown that, starting with some 
number represented by the letter x, some 
other number can be built up out of x and 
various other constant numbers, represented 
by a, b, c, etc., the more or less complicated 
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number which results being called a function 
of x. Similarly one could start with two 
numbers represented by the letters x and y 
and build up some other number of more or 
less complicated structure, the magnitude 
of which would depend on the magnitudes 
and signs assigned to x and y. Such a 
number could then be described as a function 
of x and y. Using a similar notation, any 
such number could be written F(x,y). In 
a given case, for instance, the function might 
be defined— 


F(x,y)=ax? + bxv+ey?+dx+ey-+f 


which is the most general form for a function 
of the second degree in x and y (second 
degree because no term contains more than 
two X's or y’s multiplied together.) In the 
‘above case, x and v~ can be regarded as 
independent variables, which, between them, 
fix the value of the function. Suppose, 
however, that some particular value is 
assigned to the function, zero, for instance, 
so that 


ax?+bxy+cv?+dx+tey+f=o 
then x and y are no longer independent 
variables, for if any given value is assigned 
to either, the other must have such a value 
or values that the sum of all the terms is zero. 
Obviously in the above case, if some given 
value is assigned to x, & for instance, we 
have 
ak? + bky+cy?+dk+ey+f=o 

which is a quadratic equation for y, so that 
for any given value of x there will in general 
be two values of y which will satisfy the 
original definition. Thus, whatever the 
form of the function F(x,v), the equation 


F(x,v)=O 


can be regarded as defining a relationship 
between x and y, just as the equation y=f(x) 
defines more explicitly a relationship between 
x and y. By means of the graphical method 
already described the relationship between 
the numbers x and y defined by F(x,y)=o 
could be represented by means of a line of 
more or less complicated shape. For instance, 
the general expression of the second degree 
written out above, if plotted for any par- 
ticular set of values for the coefficients, will 
alwavs give a curve belonging to one of the 
three kinds of curve that can be obtained by 
intersecting a cone and a plane. Such curves 
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are called conic sections. The parabola 
already referred to is one kind of conic 
section. 
Two such functions of any character 

F (x,y) =0 

G(x,y)=o 
plotted on the same diagram would give 
two lines or curves which would in general 
intersect one another at various points, as 
shown, for instance, on Fig. 12. The numbers 
x and y defined by any such point of inter- 
section, since they satisfy both the functional 
relationships, are described as solutions of 
the simultaneous equations. 


F(x,y)=o 

G(x,y) =o 
More generally, any corresponding values of 
x and y, whether real or complex or imaginary, 


Which satisfy both the functional relation- 
ships, are called solutions of the simultaneous 


F (x.y)"O 


Fig. 12. 
equations. Thus a general method for 
determining the real solutions of such 


simultaneous equations would be the plotting 
of both the curves to find the point or points 
of intersection, though any such graphical 
method would be very laborious in most 
cases and would have the disadvantages of 
lack of generality and restricted accuracy. 
However, the above discussion of the 
graphical point of view brings out one verv 
important point. It was found that for one 
unknown quantity one equation is sufficient. 
Now it appears that if two unknown quan- 
tities have to be determined two equations 
are required. This suggests—though, of 
course, it does not actually prove—that 
for the determination of anv given number of 
unknown quantities an equal number of 
independent equations are required. This is 
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so in fact, though a perfectly general proof 
is beyond the scope of this series. 

Out of the infinite variety of possible 
forms of simultaneous equations for two 
unknown numbers a few of the most gener- 
ally useful types will now be considered. 


(B2) Simultaneous Equations of the First 
Degree for Two Unknowns. 


This is the simplest case, both equations 
being rectilinear. As it introduces ideas of 
wide general utility it will be considered in 
the general form, though literal (t.e. letter) 
expressions tend to spread themselves out 
rather and look more fearsome than they are 
in fact. The general form will be 


ax +by=c 
dx+ey=f 
These lines being co-planar (t.e., in one plane) 


will necessarily intersect at one point only.. 


Even if they are parallel? Yes, for parallel 
lines intersect at infinity, which is only 
another way of saying that there is no sudden 
and catastrophic difference between lines 
which are very nearly parallel and lines which 
are quite parallel. 

The important thing to realise about 
simultaneous equations is that although in 
general the x’s and y's of the two equations 
are quite different and have nothing to do 
with each other, the x’s and y's corresponding 
to a simultaneous solution, t.e., to a point 
of intersection, are of mecessity the same 
for both equations and can therefore be 
combined together without making any 
distinction between them. 

The first thing to do is to make one of the 
unknowns, y for instance, appear in the same 
way in each equation. If the first equation is 
multiplied by the co-efficient of y in the 
second and vice versa, this result is obtained 
right away, for we have 

eax +eby =ec 

bdx + bey =bf 
Since the x’s and y's in each equation are the 
same as far as the point of intersection is 
concerned, the equations can be subtracted 
from each other, giving 

eax +eby—bdx—bey =ec—bf. 

Remember that this derived equation is 
only true for x, y numbers which satisfy both 
the original equations. 
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From this equation (ea—bd) x=ec—bf 
so that ec—bf 
~ ea—bd 
Now the point having this x co-ordinate lies 
on both lines. The corresponding y co- 


ordinate can therefore be found by putting 
this value for x in either of the original 


equations. Since, from the first, 
Egeo E cd 
D u 
then for the particular value of x above, 
a ec—bf c 
beato 


This expression for y can be simplified as 
already shown in connection with the mani- 
pulation of fractions and will give the result 


_ af—cd 
ae — bd 


Alternatively, of course, the solution for y 
could be found by the same process as that 
used for the determination of x, and in some 
cases this might be preferable. 

To take a simple numerical example of the 
general method 


2X+3V = 4 
7x+ 8y= 9 
16% +24y=32 
21X +24 =27 
and subtracting the second from the first 
—5*=5 
x=—I 


Putting this value for x in the first equation 
gives 


1.€., 3y=0 
therefore y=2 


It will be found that these values for x and 
y will satisfy the second equation, which 
checks the accuracy of the solution. 


(B2a) The Special Case of Parallel Lines. 
The Meaning of “ Infinity.” 
Suppose co-efficients of the general equa- 
tions are such that 
a/d=b'e 
1.6., ae—bd=o 
Then the solution for x becomes 
= ce—bf ce—bf 
ae—bd O 
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Now we have already encountered the group 
ajo (page 497, August issue), and decided that 
it was something to which the ordinary laws 
of mathematics could not be applied without 
disastrous results. However, some rather 
more definite ideas on the subject must be 
introduced at this point, or the above equa- 
tions will be left without a reasonable 
solution. Instead of jumping right over the 
precipice let us walk slowly up to the edge 
and look over, a verv sensible proceeding 
which is frequently adopted in mathematics 
when there seems to be trouble ahead. 
Consider the group a;h, where h is a number 
which can be made smaller and smaller 
indefinitely. If 
h=1/1,000 ajh=1,000a 

h=1/10,000 a/h=10,000a 
h=1/100,000 a/h=100,000a 


As h is made numerically smaller and smaller, 
ajh becomes numerically larger and larger. 
By making A sufficiently small, a;h can be 
made larger than any number we can name, 
however large it may be. This is expressed 
mathematically by saying that the limit of 
ah when h tends to zero is infinity—not a 
very consistent form of expression perhaps, 
because infinity means without limit, greater 
than any limited number. In symbols the 
idea is written 

Li. ah=o 

h->0 
The important thing to remember is that œ 
is not a number, and almost anything is 
rather more than likely to happen if it is 
treated as a number. 

In the above case therefore, the solution 

for x is infinity. For instance, if 

3x+ 4V=5 l 

21x+26y=4, 
the solution for x is 

x=(I40—106)/(84 — 84) = œ 


andfory wv=(105—12)/(84—84)=o 


If these lines are actually plotted on a carte- 
sian diagram, it will be found that they are 
parallel, This is what is meant by saying 
that parallel lines meet and intersect at 
infinity. 


(B3) An Electrical Application. 


Now, in case the more experimentally 
minded reader is beginning to lose interest 
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in x's and y’s and the like, it will be well to 
apply the above to the solution of a simple 
D.C. circuit problem on the basis of Kirch- 
hoff's Laws. For the circuit shown in Fig. 13 
the summation of the potential differences 
will give 


1.€., 
ti =li = ok, 
R,1 —(R,--R)i1=O 
The solution for 1, is 
_ &(Ri+R,)/R, 
Nu (R, HR) —R, 
which can be rearranged to give 


= TR 
1.6., Be ise 
o R 

where I E he 


Fig. 13. 


given above is therefore one way, though not 
the shortest, of arriving at the well-known 
expression for the resistance of two resistances 
in parallel. 


(B.4) Simultaneous Equations for Two Un- 
knowns. One Equation Linear. 


This comes next in order of complexity to 
the case of two linear equations. The 
method of solution in this case is fairly 
obvious and will be best described by means 
of a practical example. Suppose 


4x-p2y=5 
312—4AY — 4Y2=0 


are given as the two equations. The first is 
a straight line and the second a conic. In 
gencral a straight line will cut a conic in two 
points, but of course these points may be 


and 
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imaginary and in some cases either or both 
may be at infinity. That, however, is by 
the way, and only indicates that there will 
be two solutions, t.e., two pairs of values 
of x and of y, for the above equations. From 
the first equation we can find the value of y 
in terms of x, 1.e., 
y=(5— 4),2 

and since at any points of intersection the 
xs and ys will be the same in the two 


equations, this value of y can be substituted 
in the second equation, t.e., 


gaa POSA) 2 MO = AKE mo 
2 4 
which can be simplified to 
—5(12—6x1--5)=0 
—5(x— 5) (x—1)=0 
x=I 0r 5 


1.€., 
whence 
From the linear equation, if 


=I, N= (5—-4X1)/2=4 
and if : 

1=5,y= (5-4X5))2= — 7}. 
The solutions are therefore 


XSL) x=5 
y=i) y=—7} 

In general terms, the value of y in terms of 
x, as determined from the linear equation, is 
substituted in the other equation which then 
becomes an equation in one unknown only, 
and if this latter equation can be solved the 
simultaneous solutions are easily obtained 
as shown. 


(B5) Simultaneous Equations for Two Un- 
knowns. Both of Second Degree. 


In this case each equation will in general 
represent a conic. Two conics will intersect 
in four points, so that four solutions will have 
to be obtained, and in the perfectly general 
case the determination of the solutions will 
require the solving of a fourth power equa- 
tion, which cannot always be done. There 
are, however, two special cases in which the 
solution presents no difficulty, and these will 
now be described very briefly. If one of 
the equations is homogeneous of the second 
degree, t.e., contains only terms of the 
second degree (x2, y2, or xy), for instance,— 


y? — IIxy+ 24%2=0 
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then dividing this equation by x? will give 
(v'x)2—11(v/x)+ 24=0 


which reduces it to a quadratic in y/x. “This 
can be solved either bv inspection or by 
the formula. In the given case we have 
by inspection 


{(y/x) — 3} {(v/x) —8}=0 


so that y=3x Or y=8x. 


These values for y substituted in the other 
equation will reduce it to a simple quadratic 
in x which can be solved in the ordinary way. 


Again, if terms of the first degree are 
absent from both equations, as in 


2x24 3xy-+4y?=2 

5x2? -+2xV+2y2?=7 
then out of these two equations a homo- 
geneous equation can be constructed. Multi- 
plying the first by the constant term of the 
second and the second by the constant term 
of the first and then subtracting, 


14x?+2Ixy+28y2=14 
IOX?-p 4xv+ 4y?=14 
4x? -+17xy+24v?=0 


and from this point the solution proceeds 
exactly as in the previous case. 

The subject of simultaneous equations for 
two unknowns is obviously capable of almost 
indefinite expansion, but most of the cases 
which permit of simple solution belong to 
one or other of the types considered above. 
A little practice and experience will soon 
enable one to judge whether any given 
equations are solvable or not. As an 
instance an unsolvable pair is included in 
the “examples given below. 

Equations having more than two unknown 
numbers are very frequently met with in 
electrical theory, such equations being ob- 
tained from the application of Kirchhoft's 
Laws to more or less complicated current 
networks. Some brief account of the way 
of dealing with such equations will therefore 
be given in the next instalment. 


Appendix. Division in Algebra. 


The division of one more or less complex 
group of svmbols by another in algebra is 
carried out in very much the same way as 
the ordinary process of long division in 
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arithmetic. It can be illustrated by the 
case Which arises in the text. 


A1—I) x8+6x?—3x—4 (x°+7x+4 


13 —X? 
JX9—3X 
JX —7X 
414. 
434 


If it is remembered that any ordinary number 
of several digits is really the sum of various 
multiples of powers of ten, e.g., 
4352=4 X 103+ 3 X10?+5 X10+2 

which can be compared with 

4x3 + 3x? + 5X42 
the identity of the above algebraic division 
with arithmetical division will be apparent. 


Answers to Examples in November Issue. 


I. (a)— 34; (b) Is; (c) (d—b) / (a—o); 
(d) (nb—ma) | (mc—na). | 


2. —I}, 0; KU; O, 4: 

3. l 3.2; (b) ale ; (c) 3, —2; (4) —3, 2; 

4. a) EV 2: dzo (a—b), (a+b); (d) 
o, o 


5. (Author apologises for a slip in this 
equation. As it stands it can only be 
solved graphically.) 
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(b) a, b,c, d,e; 


2d 


p, Vb:-gac 
(c) b T == 2a | , 


Examples. — General Equation of the nth 
Degree. 


I. Solve x3—4x2—39x—54=0 
given that —2 is one solution. 
2. Solve "3613 + 193x2—410%-++600=0 
given that 1—2+/—1 is one solution. 
3. If a, b, and c are the roots of x3 +qx? + 


r=0 find the value of (1/a) 4-(1/9) (1/0). 
Simultaneous Equations for Two Unknowns. 
4. Solve the equations 
(a) 10x-+¥/3=37 


2) = —79 
O = =... 
3x4 — 2y 2x +7Y 
5. Solve 
(a) x+y=5 
yty 


(b) 3x2?+2xy—1?2= 0 
x2-+y24-2X=12 
(c) a39-p3y2=43 


x?+xy =28 
6. Solve 
“pry = 
2y?+x—4=0 


(To be continued.) 


Introducing Sodium and Potassium into 
Discharge Tubes. 


A Practical Method, and Some of its Applications. 


By James Taylor, M.Sc., Ph.D., A.Inst.P. 


T has been known for many years! that 
[certs of the alkali metals may be intro- 

duced, in a very pure form, into discharge 
tubes, by a method depending upon a sort 
of electrolysis through the glass walls. 

With the development of the technique of 
high vacuum it became possible to obtain 
Jamps and electronic valves in which the 


1E. Warburg, Ann. d. Phys., Vol. 40, p. 1, 1590. 


[535.3. 


degree of vacuum was extremely high. In 
such lamps and tubes it is, of course, im- 
practicable to utilise a gas discharge for the 
introduction of sodium or potassium, but the 
electronic emission from the filament may be 
employed in an analogous manner, to the 
same end. 

The method has been described recently? 


2 R. C. Burt, Phil. Mag. 
Opt. Soc., 11, 87, 1925. 


„49, 1,108, 1925. Journ. 
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and applied to certain physical problems, 
such as the investigation of the photo- 
electric effect of pure sodium. 


Introduction of Sodium into Lamps and 
Thermionic Valves. 


The lamp into which it is wished to intro- 
duce sodium is placed with its lower part in 
molten sodium nitrate contained in a metal 
vessel, as shown in Fig. I. Aluminium is a 
very suitable metal for the container to be 
made of. The sodium nitrate is maintained 
molten at a temperature of about 350°C. 
by means of a bunsen flame. It is wise to 
introduce a suitable thermometer into the 


SMSS 


\ 


———— 


Fig. 1. 


molten sodium nitrate, or into a hole in the 
side of the metal container, in order that the 
temperature may be maintained at the suit- 
able value, and softening of the glass due to a 
too high temperature avoided. The lamp 
filament is made to function on the usual 
supply, and a source of potential of some 200 
or 300 volts is connected between the positive 
terminal of the lighting circuit and the metal 
container. It is found as a rule that a current 
of a few milliamperes flows in the circuit 
from the metal container to the positive end 
of the filament, and this may be measured, 
if required, by means of a milliammeter, 
included in the circuit as shown in Fig. 1. 
The action appears to be in the nature of 
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an electrolysis through the glass walls of the 
lamp, and is analogous to the ordinary 
electrolysis phenomena obtained in solutions 
of salts or in molten salts. The inner surface 
of the glass is bombarded by the electrons 
from the filament and becomes negatively 
charged, forming the cathode. The outer 
surface of the glass is positively charged from 
the potential- Æ, and constitutes the anode. 
There are, of course, many free sodium ions 
in the molten nitrate, and under the electric 
field across the glass wall they migrate— 
since they are positively charged—to the 
cathode, that is to the inner surface of the 
glass, and are deposited there or vapourised 
into the lamp. The action may, of course, be 
progressive in such a way that the sodium of 
the glass is actually transferred inwards 
whilst sodium from the molten sodium nitrate 
takes its place. 

After the action has proceeded for a short 
time, there is sodium vapour within the 
lamp, and this gives rise to a discharge of a 
very typical yellow colour. In a few hours 
sufficient sodium may be introduced to give 
a mirror of the metal on the inside of the 
glass. 

If the lamp is made of lead glass it fre- 
quently becomes blackened, but even sodium 
glasses become brown due to a deposit of 
sodium in the colloidal state. 

In a similar manner, but less readily, 
potassium may be introduced if molten 
potassium nitrate is substituted for the 
sodium nitrate. 

It will be readily understood how this 
method can be employed for the introduction 
of very pure sodium or potassium into 
thermionic valves. 

The method has been utilised for the 
construction of discharge tubes which have 
been used in connection with Tesla Coil 
installations? (the tubes were constructed 
by Kramer of Freiburg), and for helium tubes 
as detectors of electrical waves! (tubes con- 
structed by Goetze of Leipzig). It is certainly 
a subject which merits further study. It is 
possible that by varying the nature and 
composition of the walls, other elements 
might be introduced in a state of great 
purity into such evacuated spaces. 

3 See Drude, Ann. d. Phys., 16, 119, 1905. 

t See Dorn, Ann. d. Phys., 16, 784, 1905. 
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_ Application to the Case of Neon Lamps 
and Discharge Tubes. 


The commercial type of neon lamp is now 
very considerably used in wireless practice, 
and it promises to be still more utilised in the 
future. Nevertheless, the ordinary type of 
neon lamp has certain inherent drawbacks 
which handicap its employment. 

Some time ago the present writer and 
Mr. Clarkson put forward a method of 
capacity and high resistance measurement 
utilising the neon tube.” In these and later 
publicationst the inconstancies of the neon 
lamps which gave rise to variations and 
unreliability were dealt with, and certain 


experiments, such as “ over-running” the 
lamps and employing external ionising 
agents like half-watt lamps, etc., which 
ameliorated the conditions, were also 
described. 


Notwithstanding these, no really satis- 
factory solution was arrived at, and the 
writer has for a considerable time sought a 
method for improving these types of discharge 
tubes for the purpose of capacity and 
resistance measurement, etc. It has been 
found that the chief sources of trouble arise 
from small quantities of electronegative 
gases, such as oxygen, contained as impurities 
in the neon-helium mixture, which is the 
filling gas of these lamps, and the occurrence 
of films of occluded gases on the surface 
of the electrodes. These causes of error 
may be almost entirely suppressed by the 
introduction of sodium into the discharge 
tubes, in a manner analogous to that 
described above. 

The method of procedure is the same, 
except that the ordinary discharge of the 
neon lamp takes the place of the heated 
filament and supplies the electrons and ions 


5 Taylor and Clarkson, Journ. Scient. Instrs., 
Vol. 1, No.6, 1924. E.W. & WE. Vol. 2, No. 14, p.97. 

6 E.W. & W.E., Correspondence, Vol. 2, No. 14, 
p. 121; Vol. 2, No. 26, p. 915; Journ, Scient. 
Instrs., Vol. 2, No. 5, p. 154. 1925. 
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for the conduction of the current. It is 
usually sufhcient to connect a further 
potential of roo volts between the positive 
electrode of the neon lamp and the metal 
container, to cause introduction of the 
sodium. The voltage required for satis- 
factory working varies somewhat according 
to the lamp form. 

The action of the sodium is twofold. It 
combines with any active gases, such as 
oxvgen, and thus removes them; further, 
it is deposited upon the electrodes forming 
fresh, clean surfaces which reduce the 
troublesome time “lag” effects in the pro- 
duction of the discharge to a minimum. 
There is another advantage in that the 
potential required to drive the discharge 
tube is lowered by almost 40 volts, due 
to the introduction of the sodium on the 
electrodes. 

The constants of the tube prove to be 
much more steady after this treatment, the 
range of capacity and resistance measure- 
ment is consequently considerably increased 
and the method is more accurate. lIt is 
also unnecessary to emplov an additional 
external ionising agent as was recommended 
in the papers referred to. 

By utilising a Philips' tungsten arc lamp 
(see photo) (the electrodes are small spheres 
of tungsten at a distance of a millimetre or 
two. The filling gas is neon at about half an 
atmosphere pressure) as discharge tube the 
author has been able to measure accuratelv 
by the method of timing flashes? by means 
of a stop-watch, capacities as low as 0.00I 
microfarads. The circuit resistance for these 
measurements was of the order of 100 
megohms, so that very great care had to be 
taken to avoid leakage effects. The graphs 
giving the relation between the time of 
“flash” and the capacity value were linear, 
and, within the limits of experimental error, 
passed through the origin. 

Vol. 2, No. 14, p. 97; and 


? See E.W. & W.E. 


Vol. 2, No. 26, p. 915. 
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Compiled by the Radio Research Board and reproduced by arrangement with the Department 
of Scientific and Industrial Research. 


R000.- -WIRELESS IN GENERAL. 


Ro40.-—RADIO  COMMUNICATION.— G. Marconi. 
(Electrician, 97, 2yth October, 1926, p. 502.) 


Abstract of the James Forrest lecture delivered 
at the Institution of Civil Engineers, 26th October, 
1920. 


R100.—GENERAL PRINCIPLES AND THEORY. 


R112.6.—SHORT-WAVE TESTS AT DEAL BEACH. 
(Scientific American, October, 1926, p. 300.) 


An experimental station of the Bell Telephone 
Laboratories at Deal Beach. New Jersey, is 
investigating various phases of short-wave trans- 
mission. The power of the test transmitter varies 
from one kilowatt on the shorter waves to four 
kilowatts on the longer wave channels, operation 
usually taking place over a wavelength range of 
16 to III metres. It is observed that short waves 
are attenuated more than long waves over distances 
up to 100 miles, but that at greater distances the 
signal strength of the short waves increases. In 
most instances, fading is found to be less marked 
on longer waves. The quality varies somewhat 
when the carriers and side bands fade simultaneously 
but the greatest variation occurs when the fre- 
quencies do not fade at the same time. For 
distances between a few hundred and a thousand 
miles there is little difference between over-land 
and over-water transmission. Day transmission 
is better than night on some of the shorter waves. 


R113.—PROPAGATION DES ONDES COURTES ——R. 
Mesny. (L'Onde Electrique, 5, 57, pp. 


434-403, September, 1920.) 


ae 


Lecture delivered before the '' Société des Amis 
de la T.S.F..” 11th May, 1926. 

The author first recalls the observed facts 
characterising short wave propagation: long 
range; zones of silence; fading; influence of 
night and day, the season, and geographical 
position; and then gives the theories that have 
been put forward toexplain them. After indicating 
the hypotheses on which physicists justify the 
existence of a conducting layer in the upper 
atmosphere, he studies the propagation of waves 


in an ionised medium, showing how they are 
reflected or refracted towards the earth, and 
deduces an approximate explanation of the 


phenomena observed. Lastly, he gives some par- 
ticulars of the experiments verifving the theories 
and shows the manifest divergencies that still 
exist between the facts observed and the conse- 
quences of the theories proposed. 


R113.—THE RELATIVE VALUES OF LONG AND 
SHORT WAVES IN WIRELESS COMMUNICATION 
(E.W.& W.E., 3, 38, pp. 692-695, November, 
1920.) 

A discussion, opened by Dr. Eccles, before the 

Radio Society of Great Britain, at the first meeting 

of its 1926-27 session. 


R113--RECENT DEVELOPMENTS IN SHORT- 
WAVE WIRELESS TELEGRAPHY.—H. Rukop. 
(E.W. 5 W.E., 3, 35. pp. 081-691, November, 
1920.) 

Concluding part of the translation of the Tele- 
funken publication Neuere Ergebnisse in der 
Drahtlosen Telegraphie mit Kurzen Wellen, begun 
in the previous issue. 


R1I13.-DIE BILDTELEGRAPHIE ALS UNTERSUCH- 
UNGSMETHODE FUR DIE AUSBREITUNG DER 
KUNZEN WELLEN (Picture telegraphy as a 
method of investigating the propagation 
of short waves).—H. Rukop. (Elektrische 
Nachrichten-Technik, 3, 8, pp. 310-318.) 


In July, 1926, the Telefunken Company arranged 
a service of picture-telegraphy on the Telefunken- 
Karolus system between Nauen and Rome. The 
wavelength employed was about 39m. This service 
yielded not only valuable experience in picture 
transmission, but also interesting information on 
the propagation of short waves, a brief preliminary 
account of which is given here. The two chief 
ettects that throw light on the propagation of short 
waves are found at certain hours of the night on 
the transmitted pictures, and are called the 
“multiple” and “ wandering ” ettects, shown in 
the. figures below :— 
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Fig. 1.— Multiple effect. Multiple reception 
of a line transmittance, 
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The multiple effect consists in a sign in the picture 
appearing displaced twice or more in the time axis. 
The displacement shown here amounts upto 3 mm., 
und occasionally fourfold repetition occurs. The 
simplest explanation consistent with our present 
knowledge of short waves is that transmission from 
tne transmitter to the receiver takes place simul- 
taneously along several paths of different length. 
From the velocity of the lines in the figure it follows 
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Fig. 2.— Wandering effect. 


that a separation of two pictures by 1 mm. denotes 
a difterence of length of path of about 200 km. 
In the case of four pictures, whose total distance 
apart is 3 mm., we are consequently dealing with 
path differences of 0, 200, 400 and 600 km. The 
pictures with a longer path are generally much 
weaker than those with a shorter one and there is 
usually a principal path, and that the shortest, with 
which the subsidiary paths may for a few seconds 
coalesce. When the multiple pictures occur, 
there is also as a rule marked fading, though this 
is not compulsorily linked with the multiple 
phenomena. 


The wandering effect is shown by line a of Fig. 2, 
and is attributed to a transient lengthening and 
shortening of the transmission path. It is always 
strikingly accompanied by marked fading, as shown 
by line b in the same figure. Since, while this 
fading occurs, the transmission path varies by a 
distance corresponding to more than 2,000 periods 
and, as the figure shows, nothing remains of the 
onginal path, and the picture is perfectly simple, 
it is concluded that it is highly improbable that 
fading is due to interference. What is thought to 
be the most likely cause of fading is rapid alteration 
in the concentration of the tons or electrons, brought 
about either through purely mechanical means, 
e.g., wind, or electrical discharges or a stream of 
radiation, 


Further, owing to the variation of the length of 
path, one would expect a Doppler eftect, f.e., a 
transient alteration of the frequency at the receiver 
with the transmitting frequency constant, and this 
has been remarked during the tests (and also often 
previously). 


The observations are being continued. 
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R113.1.—UBER DAS VERHALTEN VON EMPFANGUN 
BEI POLARISATIONSANDERUNGEN DER ELEK- 
TRISCHEN WELLEN (FADINGERSCHEINUNGEN) 
(Behaviour of receivers to changes of 
polarisation of electric waves (fading 
phenomena) ).—A. Esau. (Zeitschrift fir 
Hochfrequenz, 28, 2, pp. 50-53, August, 1926.) 


Fading may be caused by changing atmospheric 
conditions (e.g., cold strata penetrating into warmer 
ones, bringing about dispersion of the wave energy) 


or by interference between direct and indirect: 


rays, or by alteration of the plane of polarisation 
of a wave. This article deals only with the latter 
cause, and attempts to eliminate it by a suitable 
choice of the receiving circuit. Various antenna 
combinations are examined with reference to the 
relation between the energy received and the 
rotation of the plane of polarisation. The combina- 
tions all consist of a vertical and a horizontal 
antenna, both coupled to a circuit which is tuned to 
the incoming wave and connected to the grid of a 
valve functioning either as detector or amplifier. 
The simplest arrangement is a combination of a 
vertical open antenna and a horizontal frame. The 
energy picked up is independent of the plane of 
polarisation, and thus fading phenomena due to 
changes of polarisation are eliminated. The arrange- 
ment also permits the angle of rotation of the plane 
of polarisation to be determined and its transient 
changes. The other combinations considered 
reduce fading to a certain extent, but are less 
etfective than the arrangement described. 


R113.2.—SOME MEASUREMENTS OF SHORT WAVE 
TRANSMISSION.—R. Heising, J. Schelleng 
and G. Southworth. (Proc. Inst. Radio 


* 


Engineers, 14, 5, October, 1926, pp. 613-647.) 


Quantitative data on field strength and tele- 
phonic intelligibility are given for transmission at 
frequencies between 2.7 megacycles (111 metres) 
and 18 megacvcles (16 metres), and for distances 
up to 1,000 miles with some data at 3,400 miles: 
The data are presented in the form of curves and 
surfaces, the variables being time of day, frequency 
ana distance. Comparisons are made between 
transnussion over land and over water, between 
night and day effects, and between transmissions 
from horizontal and from vertical antenna. 
Trading, speech quality and noise are discussed. 
The results are briefly interpreted in terms of 
current short wave ‘theories. 


Rrr3.8.—SuR LA RECHERCHE D'UNE CORRES- 
PONDANCE ENTRE LES PERTURBATIONS MaG- 
NEIIQUES ET LES PERTURBATIONS DANS 
LA PROPAGATION DES ONDES ELECTRO- 
MAGNETIQUES. —C. Maurain. (L'Onde Elec- 
trique, 5, 57, September, 1026, pp. 483-4387.) 


A statistical study of the magnetic disturbance 
at the Val Joveux observatory at the time of the 
principal variations in intensity of the long wave 
radio signals received at the Meudon observatory 
has been made during 1022-23-24. The result is 
that the mean value of the magnetic disturbance 
at the time of these variations is sensibly the same 
as the general mean value, showing that magnetic 
disturbances do not play an important part in 
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the production of these radio variations. If the 
Statistics are referred only to the davs on which 
the intensity variations occur for the two trans- 
mitters investigated, Bordeaux and Nantes, a 
mean magnetic disturbance is obtained greater 
than the general mean; but the number of these 
davs in the three years is too few for one to be 
able to draw a conclusion from this particular 
result. 


R113.9,] HAT DAS ERDFELD EINEN EINFLUSS 
AUF DIE MWELLENAUSBREITUNGSVORGANGE ? 
— (Does the Earth’s Field Affect the 
Phenomena of Wave Propagation ?)—-A. 
Meissner.  (Flektrische Nachrichten-Techutk, 
3, 9, September, 1926, pp. 321-324.) 


Larmor’s theory ot the refraction of electric 
waves by means of the ions and electrons of the 
upper atmosphere was completed last 'year by 
taking account of the influence of the earth’s 
field on electronic motion (Appleton, Nichols and 
Schelleng). As a consequence of this extension 
of Larmor’s theory, calculation shows that the 
wave of length 214 metres must be a resonance 
wave, for which there is selective absorption and 
a corresponding shorter range. Taylor saw experi- 
mental confirmation of the extended theory in the 
decrease of the dav range observed with waves 
in the neighbourhood of 200 metres. 

The curve shows a distinct minimum with a wave 
of about 200 metres and the carth's field theorv 
requires it at 214 metres. The explanation of this 
minimum through the influence of the earth's 
feld leads however to contradictions. We must 
only seek the influence of the earth's feld there 
where the electrons govern the phenomenon of wave 
propagation, f.e., where wave transmission takes 
place through the upper lavers of the atmosphere; 
1.ĉ., when itis a question of pure space radiation ; 
this is the case bv dav however only with the 
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Fig. 1. Daw ranges according to Tavlor. 
shortest waves—-far below 150 metres. With 


waves above 150 metres, and therefore im the ranpe 
of the critical wavelength of 214 metres, we have 
bv day only surface waves, and the electrons 
hardly affect the propagation of surface waves 
greater than roo metres, as has also been worked 
out bv Elias (Zeitschr. für Hochfrequenz, 27, 
p. 66). According to Elias’s calculations, the 
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electrons and ions of the atmosphere by dav 
only produce absorption with waves down to 100 
metres. The dielectric effect of the electrons 
and ions only begins to be felt with verv short 
waves, below 20 or 30 metres, when absorption is 
less pronounced. 


In Tavlor's curve the day ranges are repre- 


sented as a function of the wavelength: the 
figure below shows them as a function of the 
frequency. 
4000 
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Fig. 2. Day ranges. 


Here the curve no longer appears to represent 
a uniform phenomenon. disturbed only over a 
small range, but rather the interaction of two quite 
heterogeneous phenomena. Firstly, it is scen 
that the minimum is displaced still farther to the 


right, still farther from the critical frequencv 
A= 214 metres required by theory. The two 
heterogeneous conditions are divided by the 


minimum. Evidently to the left of the minimum we 
have the range of the surface waves, and to the 
right the range of the space waves. The drop on 
the left is produced by the surface waves being 
absorbed by the ground or by the electrons and 
ions of the lower lavers ; the rise to the right of 
the minimum comes from the upper layers taking 
over more of the energv transference with increasing 
frequencv. The minimum is the intersection of 
two curves: that of the surface waves falling from 
left to right, approximately inversely proportional 
to the square of the frequency Or more as corres- 
ponding to the first power (the curve I'n? is drawn 
in as it would presumably be if the ground losses 
were the deciding factor), and that of the space 
waves to the right of the minimum for which the 
values are not sufficiently clear for one to assign 
anv definite function for the frequency relation. 
The result therefore is that from the dav ranges 
here we can nowhere deduce the influence of the 
earth's field. If we wish to discover tlus, the 
experimental investigations in the neighbourhood 
of the critical wave A = 214 metres must be 
extended into the night hours, for only at night 
is energy transferred by space waves in strata 
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whose dielectric state is altered through ions and 
electrons. Accordingly transmissions were made 
at night with waves in the critical range A = 175- 
205 metres, emploving an acrial with the grcatest 
possible space radiaton. The arrangement is 
shown diagrammatically in the figure below. 


Fig. 3. 


Transmitting arrangement. 


Numerical values are given and the method of 
carrving out the experiments is described. The 
waves were received at Prague, Wiel, Constance 
and J.eningrad, and results obtained are shown 
graphically. An analysis of all the results is said 
to show no minimum anywhere in the range, and 
therefore, also with transmission by might, we 
cannot speak of special absorption and fading 
phenomena with a particular wave. Thus neither 
day nor night ranges, unfortunately, bring us 
experimental proof of the earth's field having an 
influence on wave propagation, that is so neces: 
sary for our theory. 


R113.8.— AURORA AND ITS EFFECT UPON RADIO 
SIGNALS.—W. Sutton. (Q.S.T., October, 
1920, IO, pp. 23-24.) 

The writer. who is ‘in a position to keep a very 
close check upon the Aurora,” is convinced that 
it has a decided and detrimental effect upon radio 
signals of certain frequencies, and attributes the 
poor reception complained of throughout Canada 
and the United States last winter to the increasing 
activity of auroral phenomena. The writer 
expresses the results of his observations as follows:— 


“Strong Aurora kills signals from 35 metres up 
to 500, although the ettect is only immediate on 
signals up to approximately 60 metres. As one 
yves up higher in wavelength the time lag is in- 
creased. The delay between the start of the 
Aurora and the disappearance or weakening of 
signals may be as long as 24 hours in the upper 
broadcast band. The signals also take much longer 
to come back to normality. 

“ Moderate Aurora makes quite a change on 
the skipped distance of 40-metre signals, and 
prevents real DX. As we go IO metres higher 
the signals gradually fade out. In the broadcast 
band distance signals are coming in, but fading is 
very prominent, and no medium distant stations 
came through. 
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“Slight Aurora changes the skipped distance 
just slightly on the 4o-metre band, and causes 
fading on medium distance broadcast stations, 
but distant stations are fairly steady. The 5o- 
metre signals will push through but are much 
weaker. Intermittent Aurora, coming for a few 
hours and lifting for a day, and then coming back 
again, will cause a continued blanket on broadcast 
signals, but the short waves will break through 
whenever the Aurora has lifted.” 

The increased activity of auroral phenomena 
generally reported is thought to be linked up with 
the approaching sun spot maximum. 


R113.8.— THE RECURRENCE OF MAGNETIC STORMS. 
—H. Deslandres. (Nature, 30th October, 
1926, pp. 621-622.) 

A letter referring to Dr. Chree's in Nature of 4th 
September, showing the considerable ditterence 
in the methods employed by the two writers and 
that the results obtained could not be exactly the 
same. 


Rir21.— THE AERIAL-EARTH SYSTEM.— A. G. 
Warren. (Wireless World, 13th October, 
1926, pp. 517-518.) 
Discussion of half-wave tuning with potential 
rectification. 


R127. —FIELD DISTRIBUTION AND RADIATION 
RESISTANCE OF A STRAIGHT, VERTICAL, 
UNLOADED ANTENNA RADIATING AT ONE 
OF ITS HARMONICS.—S. Levin and C. Young. 
(Proc. Inst. Radio Engineers, October, 1920, 
14. 5. Pp. 675-088.) 

The operation at the harmonics of the grounded 
antenna and of an ungrounded antenna at any 
distance above ground is considered as far as 
current, voltage and power distribution, electro- 
magnetic field and radiation resistance are con- 
cerned. The antenna is always assumed to be a 
straight vertical wire and unloaded and the ground 
a perfect conductor. 


RI32.—EIN VERGLEICH ZWISCHEN TRANSFORMA- 
TORENVERSTARKER UND WiIDERSTANDS- 
VERSTAKER (Comparison between trans- 
former and resistance amplifiers) —M. von 
Ardenne. (Zeitschrift für Hochfrequenz, 
27, 6, 1926, pp. 107-169.) 

An investigation of the amplifying properties of 

a transformer amplifier (without resonance tuning) 
and a resistance amplifier, at a frequency of 1,000. 
To make a definite comparison possible, a formula 
is found for resistance amplifiers corresponding to 
the Barkhauser formula for the linear degree of 
amplification with transformer amplifiers. The 
investigation shows that, with the same assump- 
tions, a greater degree of amplification can be 
obtained with resistance than with transformer 
coupling. 


R132 & RTI34.75.—GRUNDSATZLICHES UBER ZWIS- 
CHEN FREQUENZVERSTARKER-SCHALTUNGEN 
(Principles of intermediate frequency am- 
plifier circuit arrangements).—W. Range. 
(Zeitschrift für Hochfrequenz, 27, ©, pp. 
109-172.) i 

The intermediate frequency amplifier is discussed 
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and four methods are given of avoiding the diffi- 
culties that arise in obtaining the right beat note 
of useful frequency with the heterodvne and input 
circuit (tuned to the distant transmitter and con- 
nected to the first rectifier) coupled together and 
slightly out of tune. 


R132.1. — LOW-FREQUENCY INTERVALVE TRANS- 


FORMERS.—-P. Willans. (Journ. Inst. Elect. 
Engineers, 64, October, 1926, pp. 1005-1088.) 


A paper read before the Wireless Section, 2nd 
June, 1926, summarised as follows :— 

The theoretical expression for the voltage 
amplification of a valve followed by a transformer 
is developed in its simplest possible terms and 
Various particular cases are considered. The 
importance of low leakage inductance for the 
uniform amplification of the higher frequencies is 
emphasised. 

A practical verification of the theory is provided 
by actual measurements of the vector amplification 
ratio and comparisons with the theoretical equations, 
and graphical methods are given whereby the 
constants of a transformer can be deduced from 
these measurements and the amplification ratio 
extrapolated to frequencics beyond the range of 
convenient measurement. 

A practical design of transformer is described 
in which low leakage inductance and self-capacity 
are ensured by a sectionalised and spaced con- 
struction, and a curve of amplification of this 
transformer is given. 

Various questions relating to intervalve trans- 
formers are brietly considered. and circuits are 
described for increasing the amplification of low 
frequencies and the ettective step-up ratio of the 
transformer. 

The use of low-frequency reaction for correcting 
distortion is described and illustrated by measure- 
ments. 


R132.3.— RECHERCHES SUR LES MEILLEURES CoN- 
DITIONS DE FONCTIONNEMENT D'UN AMPLI- 
FICATEUR A RE£SISTANCES. — M. Mercier. 
(L'Onde Electrique, 5, 56, August, 1926, 
pp. 413-424.) 

Description of an investigation on the conditions 
of working of a resistance amplifier as concerns 
the best heating and plate tensions to employ and 
the best resistance to introduce in the plate circuit 
of intermediate valves. The results are shown 
graphically. 


R132.8.— PRESENTATION D'UN APPAREIL “' BIRE- 
FLEX." — A. Cazes. (L'Onde Electrique, 5, 50, 
August, 1926, pp. 425-428.) 

A paper, introducing a “ bireflex ” instrument, 
sunimarised as follows: The first valves of an 
amplifier do little work. The output can be 
improved by making them play several parts. 
The employment of a frequency changer can 
make each valve work on three ditterent fre- 
quencies. A second change of frequency enables 
the ditticulties that subsist to be avoided. 


R132.8—By-pass CONDENSERS IN REFLEX RE- 
CEIVERS.—D. Kingsbury. (Wireless World, 
20th October, 1920, pp. 546-550.) 


An article showing how by-pass condensers in 
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reflex sets may be kept down to practical limits 
and in certain cases dispensed with, and giving 
reasons why general reception should be limited 
to 5,000 cycles on either side of the carrier wave 
and L.F. transformers designed accordingly. 


R133.—UBER DIE SCHWINGUNGSERZENGUNG MIT 
HILFE VON RAUMLADEFFEKTEN (On the 
generation of oscillations with the aid of 
space-charge eltects).—E. Alberti. (Elek- 
trische Nachrtchten-Technik, 3, 9, Scptember, 
1926, pp. 328-332.) 

An account of experiments on the generation of 
oscillations with four-electrode valves with control- 
grid negative. Several circuit-arrangements are 
possible, three of the most important being shown. 
The degree of efficiency for the amplifying valves 
type R used in the experiments amounts to 10 per 
cent. with optimum adjustment. There is almost 
absolute proportionality between space-charge 
grid tension and output. From measurements of 
the dependence of the frequency on the strength 
of the beating current, it is found that an alteration 
of the current strength of 1 per cent. corresponds 
to an increase of valve capacity of about .2 cm. 
With ordinary transmitting valves the increase is 
somewhat lower. On reducing the anode tension 
the oscillations stop at about 30 volts, while below 
15 volts oscillations start again, which are probably 
to be explained in the Barkhauser-Kurz way. 


R134.— THEORY OF DETECTION IN A HIGH VACUUM 
THERMIONIC TUBE.—L. Smith. (Proc. Inst. 
Radio Engineers, 14, 5, October, 1926, 
pp. 649-662.) 

This paper presents some new ideas on detection 
by means of the high vacuum triode in connection 
with a grid-leak and condenser, which show the 
function of the grid-leak and detector as well as. 
their proper values for best detection. Three main 
sources of distortion are shown to exist with this 
method of detection: two from the curvature of 
the grid characteristic-——one due to the harmonics 
produced, and the other an amplitude distortion 
arising from the rectified grid-current not varving 
linearly with the input voltage—the third dis- 
tortion being brought about by the grid-leak and 
condenser. 


R1r34.— GRID POTENTIALS.—C. Stephenson. (Wire- 
less World, oth October, 1920, pp. 401-493.) 


Discussion of the effect of filament circuit con- 
nections on the mean grid voltage of H.F. detector 
and L.F. valves. 


R134.75-—SUPERHETERODYNE INTERFERENCE — P. 
Tyers. (Wureless World, 13th October, 1926, 
pp. 521-522.) 
A brief note showing how changing the inter- 
mediate frequency avoids local jamming. 


R134.75.— ON THE ORIGIN OF THE SUPERHETERO- 
DYNE METHOD.—-W. Schottky. (Proc. Inst. 


Radio Engineers, 14. 5. October, 1026, 
Pp. 605-008.) 
A short outline of how and when the idea 


of the superheterodyne 
Germany. 


method took shape in 
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R138.—UBER DEN AUSTRITT VON ELEKTRONEN 
AUS KALTEN METALLEN (Electronic emis- 
sions from cold metals). — F.: Rother. 
(Annalen der Physik, 81, 4, pp. 317-372.) 


RI142-—COMBINED ELECTROMAGNETIC AND ELEC- 
TROSTATIC ĈOUPLING AND SOME USES OF 
THE COMBINATION.— E. Loftin and S. Young 
White. (Proc. Inst. Radio Engineers, 14, 5, 
October, 1926, pp. 605-611.) 


The energy transfer characteristic of the normal 
forms of coupling employed in radio receivers 
transfers energy more readily at higher than lower 
frequency. This characteristic makes for higher 
efficiency and consequently greater tendency 
towards instability in comimercial valve receivers 
on the high-frequency portion of the broadcast 
band. 

„The investigation of the combination of electro- 
magnetic and electrostatic couplings was under- 
taken for the purpose of removing this undesirable 
characteristic, and this paper outlines some of 
the more salient observations made during the 
investigation as well as some uses made of the 
combination. One of these features is the employ- 
ment of a method of coupling which has its fre- 
quency characteristic reversed in that its most 
efficient energy transfer takes place at the lowest 
frequency. By suitably combining this method of 
coupling with a coupling having the usual charac- 
teristic, it is possible to so design the combined 
coupling that the total energy transfer will vary 
in any desired, manner with frequency. 


R145.— A METHOD FOR MAXIMISATION IN CIRCUIT 
CALCULATION.—W. van B. Roberts. (Proc. 
Inst. Radio Engineers, 14, 5, October, 1920, 
pp. 639-693,) 

Having found the expression for a current (or 
voltage or power, etc.) in terms of complex quan- 
tities representing the constants of a circuit, it Is 
often desired to determine what value of some one 
of these complexes makes the absolute magnitude 
of the current (or voltage, etc.) a maximum ora 
minimum. Rather than reduce the expression to 
its absolute value first, and then maximise in the 
usual way, 1t is often much less tedious to differ- 
entiate the expression while in the complex form. 
The condition that the absolute value is an extre- 
mum is then not that the derivative is equal to 
zero, but that the derivative multiplied by a small 
increment of the independent variable gives to the 
dependent variable an increment which is at 
right angles to the vector representing the dependent 
variable itself. The condition of maximum obtained 
by this method is often in a form that is more 
compact and that has obvious physical significance. 
Two examples of the use of the method are given. 


Rig8.1.—THE FREQUENCY CHARACTERISTICS OF 
TELEPHONE SYSTEMS AND AUDIO-FRE- 
QUENCY APPARATUS, AND THEIR MEASURE- 
MENT.—B. Cohen, A. Aldridze and W. West. 
(Journ. Inst. Elect. Engineers, 64, October, 
1920, pp. 1023-1064.) 


A paper read before the Institution, 29th April, 
1920. 
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Ri140.—SUR LA DETECTION PAR LES CONTACTS 
METALLIOUES.—H. Pélabon. (L'Onde Elec- 
triaue, September, 1926, pp. 404-475.) 


The detection of electromagnetic waves by 
means of a metal-dielectric-metal contact has 
already been described (L'Onde Electrique, 5, 52, 
1926, p. 141). Another solution of the problem 
is considered here, namely with the metals directlv 
in contact. The apparatus emploved is described 
for the case of the: contact sphere-plane, two 
spheres, and a point and a plane, the results being 
given in detail. The case of the symmetrical 
detector is considered and the influence of the 
nature of the metals. The mechanism of detec- 
tion is ascribed to the passage of electrons from 
one conductor to the other, the passage heing 
easier in one direction than in the opposite direction. 


R149. — SUR LE Contact RECTIFIANT. — A. 
Guillet. (Comptes Rendus, 183, 5, 2nd 
August, 1920, pp. 350-352.) 


The fact appears now to be established that 
any bad contact inserted in a circuit is able to 
detect when a suitable electromotive force is applied 
to the circuit. A rectifving contact is thus coni- 
parable with a smell unsymmetrical condenser 
that discharges across the insulation when one 
plate, the point in the case of the galena detector, 
receives a large enough charge of negative elec- 
tricitv. This is the point of view adopted bv Mile. 
Collet (Annales de Phvsiaue, 15, 1021, p. 265) and 
bv M. Pélabon (L'Onde Electrique, 5, April, 1920, 
p. 141), but these physicists have given only 


qualitative indications as to the probable 
mechanism of the phenomenon. This article calls 
attention to certain general measurable facts 


calculated to assist the formulation of a definite 
theory. 


R200.—MEASUREMENTS AND STANDARDS. 


Med- 
W.E., 


R261.— THE THERMIONIC VOLTMETER.—-W. 
lam and U. Oschwald. (E.W. & 
3, 38, November, 1920, pp. 604-073.) 


Concluding part of the article begun in tke 
October issue. 


R300.—APPARATUS AND EQUIPMENT. 


R320.— THE LENGTH OF THE HERTZ ANTENNA. 
— G. Lang. (Q.S.T., 10, October, 1920, 
p. 16.) 

The results are tabulated of experiments with 
Hertzian antennw: vertical, horizontal, and with 
both vertical and horizontel sections. It is tound 
that for vertical antenne the wire length in fect 
is 1.40 times the fundamental wavelength in metres, 
and for horizontal antenna the wire length in feet 
is T.4O times the wavelength im metres- thus if 
we wish to operate at 40 metres with a horizontal 
antenna we multiply 40 bv 1.46 and get 58.4 as. 
the length of the necessary svstem. The table 
also shows the results of tests on antenna of other 
forms, the constants for which are found to vary 
with the angle between the wires and ground. 
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R329.1.— THE CANADIAN BEAM SERVICE. (Elec- 
trician, 97, 22nd October, 1926, p. 474; 


07, 29th October, 1920, p. 498.) 


Details are given of the Bodmin transmitting 
and Bridgwater receiving stations, for communi- 
cation between this country and Canada and South 
Africa, forming part of the short-wave imperial 
svstem. 


R330. -— RADIOTRON MODEL UxX210. (0.S.T., 
IO, 9, September, 1926, pp. 33-36.) 


A detailed account of this new valve, designed 
for use as an oscillator, modulator, or power ampli- 
fier in radio transmitting circuits or as a power 
amplifier with loud-speakers where high output 
is required. The valve data are given and charac- 
teristic curves shown. 


NOISE.—F. Henderson. 
20th October, 1926, pp. 


R330.04.—MICROFHONIC 
(Wireless World, 
553-554.) 

Some notes on its cause and cure. 


-R331.5.—ETUDE DES Gaz OCCLUS DANS LES 
TRIODES.—-J. Groszkowski. (L'Onde Elec- 
trigue, 5, 50, August, 1926, pp. 404-412.) 


A study of the vacuum in valves and more 
particularly of the presence of gases occluded in 
the electrodes. The degree of vacuum in a triode 
can be estimated by means of an ionisation method 
depending upon the measurement of the “ inverse ”’ 
current due to the ions of the liberated gases. 
This article describes in detail this method, which 
has been improved and more especially adapted 
to the investigation of gases occluded in electrodes. 


R.334.—LA SUPER-REACTION PAR LAMPE Bi- 
GRILLE.-—J. Sacazes. (Q.S.T. Francais et 
Radio Electricité Réunis, 7, 30, September, 
1926, pp. 51-53.) 

Description of a simple circuit arrangement for 
super-reaction with the four-electrode valve. 


R334. LA LAMPE A DEUX GRILLES, — M. 
Chauvierre.  (Q.S.T. Francais et Radio 
Electricite Reunis, 7, 30, September, 1926, 
PP. 32-41.) 

A brief survey of the general characteristics of 
four-eleetrode valves and their employment in the 
classic circuits. 


R341.6—A -  DISTINCTLY NEW RECTIFIER-—H. 
Sheldon. (Scientifre „American, 82, Septem- 
ber, 1926, pp. 180-187.) 


Description ot a small compact rectiĥer of low 
internal resistance, consisting of a dry metal 
pxide between two electrodes, said to be able to 
rectify a large current on a verv little voltage: 
about threc amperes on a volt and a half. 


R355.52.— LES RELAIS A Arc.—E. Fromy. (L'Onde 
Electrique, 5, 50, August, 1920, DD. 379- 
403.) 

Partially exhausted tubes, more particularlv 
mercury vapour bulbs, are now in current use for 
changing alternating into continuous current. 
They thus plav the réle of valve, behaving like 
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very powerful diodes. Bv the addition of extra 
control electrodes, either interior grid or exterior 
sheath, it is possible to transform gas-containing 
tubes into relavs, just as that wonderful relav tbe 
triode valve has been formed from the electronic 
diode—the fundamental difference between the 
tuo tvpes of relay, cf course, being that in the 
ordinarv valve the current is carried by electrons, 
while in the gas-containing tube it is carried bv 
ions. This article describes at length the principle 
and operation of the new relavs, defining the limits 
of their present usefulness. A bibliography of the 
subject is appended. 


R376.3.—A New LOUD-SPEAKER. 
97, 29th October, 1926, p. 510.) 


A brief illustrated account of the “ R.K.” 
speaker, invented bv Mr. Rice and Mr. Kelogg 
and made by the B.T.-H. Co. The sound is con- 
veyed by a plain paper cone, with the natural 
frequency of vibration very low in the audible 
range, and the instrument is claimed to miss 
nothing and distort nothing. 

On the same page a novel tvpe of gramophone, 
called the “ Panatrope,'” is outlined, which can be 
used as a wireless receiver. 


(Electrician, 


R376.3.— Acoustic REFrection.—N. Mclachlan. 
(Wereless World, 13th October, 1926, pp. 
£.00-508.) . 


An account of the influence cf echoes on loud- 
speaker quality. 


R383.-—METALLISED HiGu RESISTANCE Units.— 
J. Morgan. (Q.S.7., 10, 9, September, 
1926, pp. 37-39.) 

The history of the design of high resistance 
units is brieflv traced, including the improvement 
‘introduced by engineers ot the International 
Resistance Co., and the production of standard 
resistors described. 


R400.—SYSTEMS OF WORKING. 


Rjy11.--SPARK Cor DPORTABLE TRANSMITTERS. 
--F. Wilburn. (Q.S.7., 10, 9, September, 
19260, pp. 40-41.) 
Illustrated description of a small portable trans- 
mitter with a pair of Ford coils connected in 
parallcl for power supplv. 


R432.— REDUCTION OF INTERFERENCE IN DROAD- 
CAST  RECEPTION.~A. Goldsmith. (Proc. 
Inst. Radio Engineers, 14, 5, October, 1926, 
pp. 575-603.) 

The factors in station interference with broad- 
cast reception are analysed, namely: signal field 
strength, receiver selectivity, and psychological 
reactions of the listeners. 

Statistical data, correlating these factors with 
interference complaints from listeners in the 
vicinity cf the so-kilowatt broadcasting trans- 
mitter at Pound Brook are presented, these data 
being the results of a survey by a special inter- 
ference reduction service. 

The clearing up of complainis bv this service, 
using simple methods which are described, indi- 
cates the feasibilitv of high-power broadcasting 
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stations, as well as the necessity fer them owing 
to the requirement of reliable broadcasting service 
over large areas. 


R435.— SYSTÈME DE COMMUNICATIONS FIEC- 
TRIQUES SECRETES.—-J. Jammet. (L'Onde 
Electrique, 5, 50, August, 1926, pp. 365-378.) 


Previous solutions cf the problem of secret 
communications are said to be pretty complex 
and to secure only very relative secrecy. The 
author claims to have developed an absolutely 
secret method, of simple mechanism, and involving 
no new apparatus. This new principle appears 
to lie in the employment of a key that is without 
periodicity and therefore undecipherable. The 
working out of the system is explained in detail 
and diagranis are shown. 


R435. — TEIEGRAPHiE ET RADPIOTELEGRAPHIE 
SECRESE.-- Gen. Cartier. (Radio Electricite, 
7, 112, 25th Julv, 1920, pp. 275-278; 7, 113, 
10th August, 1926, pp. 297-301.) 
A detailed description of the Vigenère crypto- 
graphic svstem, showing circuit diagrams. 


R500.—-APPLICATIONS AND USES. 


R536.-- RADIO SAFEGUARDS MINERS.— (Scientific 
American, 82, September, 1926, p. 223.) 


A radio warning alarm has been deveioped to 
safeguard miners in the Pennsvlvania coalfields 
against explosions of coal-dust and the deadly 
effects of gas accumulation. The device utilises 
the simplest of radio circuits comprising a valve, 
variable condenser, sensitive relay and alarm bells. 
The charged condenser plates only discharge when 
the air between them becomes more conducting 
due to a higher Propernen of coal-dust. Each 
discharge of the condenser is accompanied by a 
closing of the relay circuit that rings a bell. The 
rate at which the bell rings gives an indication of 
the change of conditions to the operator in charge 
above, who can then regulate the ventilating 
system accordingly. 


R551.1.— ETABLISSEMENT D'UN NOUVEAU CANEVAS 
DE POSITIONS GEOGRAPHINUES.— R. Jouaust. 
(L'Onde Electrique, 5, 57, September, 1926, 
pp. 429-433.) 

An article giving some particulars of the new 
determination of longitudes that is being carried 
out under the auspices of the Unions Internationales 
d'Astronomie et de Gĉophysique, and showing 
the value of radio telegraphy for the accuracy of 
the results, in enabling the time at any given 
observatory to be communicated instantaneously 
to distant observers. 


Rs586.—-Sur LE TELEPHOTE APPAREIL DE TÉLÉ- 
VISION PAR TURES A VIDE: RESULTATS 
EXPERIMENTAUX PPELIMINAIRES.—A. Dau- 
vilier. (Comptes  Jtendus, 183, 5, 2nd 
August, 1926, DD. 352-354.) 

Among the numerous mechanical svstems of 
monochrome television proposed up to the present, 
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those of Mihaly, Jenkins and Belin have recently 
ettected the transmission of moving strongly 
contrasted shadows, and that of Baird, the trans- 
mission of a normal image. ‘The author, however, 
is of the cpinion that these ingenious systems are 
not capable of a simple and practical solution of 
the general problem, and that the only method 
that could give complete satisfaction is one based 
on the employment of a Braun tube as receiver 
subordinate to a mechanical analyser of the image 
to be transmitted. An outline of the method is 
given, but its development has not vet reached 
the stage of practical usefulness, a gain of sensi- 
tivity of the order of a thousand being required for 
the apparatus to be sufficiently affected. 


R5S85.-- ELECTRIC 
Swinton. 


Pp. 590.) 


A letter stating that the writer understands 
that more than one inventor in Faris is emploving 
for receiving, that cathode ray arrangement that 
ke believes he was the first to publish in a letter 
to Nature of 1Sth June, 1998. His ideas were 
further detailed in an address to the Rontgen 
Society on 7th November, 1911, and still further 
elaborated and brought up to date, with wireless 
methods applied, in a paper read before the Radio 
Societv of Great Britain on 26th March, 1924. 
His plan, which was to use cathode rays as em- 
ploved in the Braun oscillograph, both for trans- 
mitting and receiving, is at present only being 
applied for receiving, mechanical apparatus being 
still used for transmitting. He desires, however, 
to point ont, that when the cathode rav is also 
applied to transmitting, it will be possible to dis- 
pense entirely with all moving material parts, 
as the alternating or intermittent electric currents 
employed for moving the two cathode ray beams 
synchronously at the transmitting and receiving 
stations respectively can be supplied kv oscil- 
lating thermionic valves supplied by batteries. 

In this way, he states, it should prove possible 
to have electric television of a satisfactory fine 
grain description without the employment of any 
mechanical motion or material parts whatever, 
as cathode ravs are practically without weight and 
inertia, and can be deflected with perfect accuracy 
and svnchronism at almost incredible speeds, 
while the accuracy of oscillating valves properly 
tuned is also wonderful. 


TELEVISION. ~~ A. Campbell 
(Nature, 118, 23rd October, 1926, 


R800.—NON-RADIO SUBJECTS. 


534.— RECENT DEVELOPMENTS IN THE RECORDING 
AND REPRODUCTION OF SOUND.-—S, Williams. 
(Franklin Institute Journal, 202, 4, October, 


1926, pp. 413-445.) 


530.— KATHODENZERSTAUBUNGSPROBLEMF, — A. V. 
Hippel. (Annalen der Physik, 80, 7, pp. 
672-796.) 


Description “ef a new method for investigating 
cathode sputtering which shows that sputtered 
metal particles consist very largely of uncharged 
atoms. 
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Esperanto Section. 


Abstracts of the Technical Articles in our last Issue. 


Esperanto - Sekcio. 


Resumoj de la Teknikaj Artikoloj en nia lasta Numero. 


R000.— SENFADENO GENERALE. 


Royo.—La RELATIVAJ VALOROJ DE LONGAJ KAJ 
MALLONGAJ ONDOJ JE SENFADENA INTER- 
KOMUNIKADO. Diskutado antaŭ la Radio- 
Societo de Granda Britujo. 


La diskutadon malfermis D-ro.Eccles, kiu aludis 
al frua laborado je mallongaj ondoj. Longaj ondoj 
vojaĝas preskaŭ egalbone dum tago aŭ nokto, 
kaj la distanco de ricevado dependas nur de la 
potenco uzata. Mallongaj ondoj estas riceveblaj je 
proksimaj distancoj ; poste sekvas distanco sensig- 
nala, post kiam signaloj cstas denove haveblaj. 
Mezuroj de signalforteco de Heising, Schelling, 
kaj Southworth estas ankaŭ cititaj. Generale, 
post la sensignala distanco, la signaloj dum tempo 
plifortiĝas. Oni konkludas ke, por komercaj celoj, 
organizacioj kiuj bezonas nur kelkajn horojn 
ĉiutage alprenos mallongajn ondojn, sed komercaj 
organizacioj, kiuj konkuras kun kablo-kompanioj, 
trovos longajn ondojn pliofte fidindaj. 

Admiralo Sir Henrv Jackson daŭrigis la diskutadon, 
citante siajn proprajn observadojn pri mallongonda 
ricevado. Li emfazigis la helpon, kiun povus fari 
la amatoroj, dirante, ke ili devas labori sisteme, 
funkciantaj je unu ondlongo kun unu stacio dum 
unu-du semajnoj, poste je aliaj ondlongoj kaj 
stacioj. 

Poste partoprenis en la diskutado S-roj. Gerald 
Marcuse, H. Bevan Swift, E. H. Shaughnessv, 
P. R. Coursey, M. Child, kaj Hogg. 

S-ro. Shaughnessy diris, ke kelkaj mallongondaj 
stacioj kun malgranda potenco entreprenas eksperi- 
mentan kaj komercan laboron, kaj estas tiel 
aranĝitaj, ke ili povas entrepreni tratikon dum la 
plej bonaj horoj de l'tago por mallongaj ondoj. 
Granda kampo por mallongondaj stacioj kredeble 
kusas en tiu direkto. S-ro. Coursev aludis al la 
efekto de la antena formo, kaj al la ebleco de du-tri 
samtempaj sendoj je malsamaj ondlongoj, kiuj 
eble estos valoraj laŭ eksperimenta kaj komerca 
vidpunktoj. 

D-ro. Eccles respondis al la diskutado. 


Ro50.—RESUMOJ KAJ ALUDOJ. 


Kompilita de la Radio Research Board (Radio- 
Esplorada Komitato), kaj publikigita laŭ aranĝo 
kun la Brita Registara Fako de Scie nca kaj Industria 
Esplorado. 


Ro64.—-LA BERLIN'A SENFADENA EKSPOZICIO. 


Unue estas priskribo de la konstruaĵo speciale 
konstruita por enteni la ekspozicion, kaj de la 
apuda turo, kiu portos la antenon de la Berlina 
Brodkasta Stacio. Poste sekvas priskribo de 


kelkaj montraĵoj speciale interesaj. Notindaj inter 
tiuj estas la multoblaj valvoj de la Loewe Radio- 
Kompanio. Tiuj-ĉi estas disvolvitaj el la laborado 
de von Ardenne kaj Heinert, kiuj uzas anodajn 
rezistancojn kelkmegomajn kun valvoj de granda 
amplifa proporcio. En unu okazo du efektivaj 
valvoj kun kupliloj por altfrekvenca amplifado estas 
priskribitaj, kaj en alia okazo tri efektivaj valvoj 
kun kupliloj por malaltfrekvenca amplifado; en 


ĉiu okazo unu bulbo entenas la tuton. Presita) 
estas fotografaĵoj de ĉi tiuj valvoj. 
Poste priskribitaj estas kvarcaj resonatoroj 


muntitaj en vakua tubo, kun miksaĵo de heliumo kaj 
neono je malalta premo. Kiam la kvarca stangcto 
vibras, ĝia surfaco estas kovrita je luma ardo, kiu 
utilas kiel tre sentema resonanca indikatoro. 
Aranĝo de kvin tiaj resonatoroj, ĉiu estante mal- 
simila je l'aliaj per unu parto en 1000, estas montrita 
por la kontrolo de frekvenca variado. 

Sekvas priskribo de la “ Protos ” Laŭtparolilo 
de Siemens-Halske, kun fotografaj ilustraĵoj. Estas 
ankaŭ cirkvita diagramo kaj fotografaĵo de la 
Lorenz “ Neutro ” kvarvalva aparato, kaj la 
artikolo finiĝas per priskribo de valvoj kun unuobla 
filamento, sed kun krado sur unu flanko kaj anodo 
sur alia. Tiuj-ĉi estas utiligeblaj anstataŭ du 
apartaj valvoj en ordinara duvalva kaskado, aŭ 
kun transformatoroj ĉecentre konekteblaj por 
“ pus-tira'”” funkciado, ambaŭ arangoj estante 
montritaj diagrame. 


R200.—MEZUROJ KAJ NORMOJ. 


R261.—ILA TERMIONA VOLTMETRO. —W. B. Medlam 
and U. A. Oschwald. 


Daŭrigita kaj finita el la antaŭa numero. 

En la nuna parto, la tria tipo, t.e., Rekta Krada 
Retroghtebla Tipo, estas unue pritraktita. Oni 
montras aranĝon por uzi la anodan mikroamper- 
metron kun taŭga rezistanco kicl voltmetron por 
mezuri la kradan inklinon. Presitaj estas kurvoj 
kaj tabeloj de eksperimentaj rezultoj por montri 
la konduton de ĉi tiu tipo sub la ĝeneralaj rubrikoj 
antaŭe cititaj. Oni diras, ke normiga stabileco 
estas avantago de ĉi tiu tipo. 

Tipo IVa, poste diskutita, estas de la tipo 
Defleksa - kiel ĉe la Moullin 'a instrumento— uzanta 
Anodkurvan Rektifadon kun kradrezistanco kaj” 
kondensatoro, la negativa tensio estante aplikita 
tra la krada rezistanco por funkcii la valvon ĉe la 
anoda kurvo. 

Tipo Va estas de la krada retroglitebla tipo, kun 
krada rezistanco kaj kondensatoro, la krada inklina 
baterio denove funkcianta tra la krada rezistanco, 

La lasta Vipo Vila estas nomita de Daŭtoroj, 
la“ Refleksa Voltmetro.” Ci tiu uzas la defleksan 
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principon de la Moullin'a modelo—Tipoj I kaj II— 
kun aldono de alta rezistanco komuna je la krada 
kaj anoda cirkvitoj, tiel ke la volta perdo ĉe ĝi 
kaŭze de anoda kurento tra ĝi agas kiel aldona 
negativa inklino ĉe la krado. Ci tio permesas la 
aplikon de pligrandaj tensioj ĉe la krado antaŭ ol 
komenciĝas krada kurento. Oni ankaŭ montras, 
ke ĉi tiu refleksa ago estas aplikebla al la Tipo IVa 
retroghtebla voltmetro. 

En la fina sekcio la aŭtoroj diskutas la taŭgecon 
de la diversaj tipoj por malsimilaj celoj, rekomen- 
dante la lastnomitan por ĝeneralaj celoj. Aldonaĵo 
pritraktas la alternkurentan normigon de la 
voltmetroj. 


R400.—SISTEMOJ DE LABORADO. 


“R401.—LASTATEMPAJ DISVOLVIGOJ DE MALLON- 
GONDA SENFADENA TELEGRAFIO.—H. Rukop. 


Fina daŭrigo el antaŭa numero. La nuna parto 
traktas aparte pri la laborado de la Telefunken 
Kompanio je mallongonda interkomunikado, unue 
inaugŭrita inter Naŭen kaj Buenos Ajreso. Estas 
priskriboj pri la stacioj, kiuj sin okupas je la 
sendado, kaj pri la valvoj uzitaj, kun fotografaj 
ilustraĵoj. Tri sendiloj ĝis 2 aŭ 3 kilovatoj (antena 
potenco) estas uzitaj, dum kvara, uzanta akve- 
malvarmigitajn valvojn, povus generi ĝis ĉirkaŭ 
16 k.v. de altfrekvenca potenco. Ondlongoj de 
70 ĝis 13 metroj estas uzitaj. 

Oni montras kurvojn de rezultoj atingitaj inter 
Germanujo kaj Buenos Ajreso, Germanujo kaj 
Javo, kaj Germanujo kaj Japanujo. Je kelkaj 
okazoj, du stacioj sendis samtempe per la sama 
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potenco, sed laŭ malsamaj ondlongoj. Apudaj 
grafikaĵoj montras la distribuon de taglumo kaj 
mallumo dum la eksperimentoj. 

Oni diris ke, per taŭga serĉado por ondlongoj, 
per sendo samtempe per kelkaj sendiloj, k.t.p., oni 
povis starigi preskaŭ plene fidindan noktan servadon 
kun Buenos Ajreso ; diagramo montras la relativajn 
trafikojn traktitajn dum ses monatoj en 1925a. 
La fina paragrafo resumas la nunan pozicion, kaj 
diras ke ondoj de 40 metroj kaj malpli montris 
sin multe superaj je ondoj de 40 ĝis 100 metroj, 
kaj ke klara optimumo estas rekonebla inter 20 kaj 
18 metroj. Laborado pri la temo ankoraŭ progresas. 


R500.—APLIKOJ KAJ UZOJ. 


R545.009.2. AMATORA LONGDISTANCA LABORADO. 
—H.N. Rvan. 


La perioda kontribuaĵo pri ĉi tiu temo. La 
nuna noto pritraktas la “ QRP ” semajnon (organi- 
zitan de la Radio Societo de Granda Britujo por la 
unua semajno en Novembro), kaj la funkciadon kaj 
procedon je interkomunikado. 


R800.—NE-RADIAJ TEMOJ. 


R510.—MATEMATIKOJ POR SENFADENAJ AMATOROJ. 
—F. M. Colebrook. 


Daŭrigo el antaŭaj numeroj. La nuna parto 
traktas pri la solvo de Ekvacioj, sub la rubriko de 
Ekvacioj por Unu Nekonita Numero, la Linia 
Ekvacio por Unu Nekonita Numero, la Kvadrata 
Ekvacio, Ekvacioj redukteblaj je Kvadratoj, la 
ĝenerala Ekvacio de la na Grado, k.t.p. 
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The following absiracis are prepared, with the permission of the Controller of H.M. Stationery Office, from 
Specifications obtainable at the Patent Office, 25, Southampton Buildings, London, W.C.2, price 1|- each. 


AN UNDERGROUND AERIAL. 


(Application date, 2nd December, 1925. 
No. 256,837.) 


A form of shielded underground aerial is des- 
cribed in the above British Patent by J. D. Gibson 
and J. R. Gibson. The novelty of the invention, 
of course, lies in the particular construction of the 
aerial, which consists essentially of a conductor 
insulated from and surrounded by a metal shield. 
The general idea of the aerial can be obtained 
by referring to the accompanying illustration in 
which it will be seen that it comprises a conductor 
C, covered by insulating material M, and surrounded 
by a lead or similar metal sheath L. The sheath, 
however, is not continuous, but is divided into two 
portions, a small gap being left. The two ends of 
the sheath are then electrically connected with a 
copper wire or strip W, the surface of the insu- 
lating material where the break in the sheath 
occurs being further covered with other insu- 
lating material 7. The. imbedded end of the 


aerial is also covered with a lead cap K, while the 
other end is taken up through the ground to the 
receiver. 


In an alternative modification of the 
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invention the free end of the aerial can terminate 
at the surfaces of the ground, and connection is 
made from this end with an ordinary lead to the 
set. 


A FLOATING BATTERY. 
(4pplication date, 15th October, 1925. 
No. 258,739.) 

A floating battery, i.e., one which is connected 
across a source of supply from which energy is 
being drawn, is used in many branches of electrical 
engineering. A particular form of floating battery 
circuit is described in the above British Patent 
by E. Heese. The accompanying diagram shows 
an ordinary battery consisting of two cells C, 
connected to the supply mains S through a lamp 
resistance L, the current for the filament circuit 
of a valve receiver being taken across the two cells, 
te. at X and Y. This, of course, is quite a normal 
circuit, and the novelty of the invention lies in the 
type of cells used, and the method of controlling 


the charge and discharge current, either by hand- 
operated switches, or by automatic cut-outs. The 
specification states that the charging current may 
be made exactly equal to the discharge current, 
so that there is no tendency for the cells to over- 
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charge. One of the claims of the invention is 
for the use of a lead-copper accumulator, which 
is claimed to be almost indestructible, and can be 
kept in a charged condition for years without ill 
effects. Another type of cell which it is stated 
may be used is the rechargeable carbon-manganese 
dioxide-zinc cell. The illustration shows the 
floating battery connected to a source of direct 
current supply, but the invention also provides, 
for the use of rectified alternating current, in con- 
junction with the floating battery described. 


REACTION REJECTOR CIRCUIT. 


(Application date, oth July, 1925. 
No. 258,969.) 


It is customary to eliminate undesired signals 
by the use of rejector circuits, increased selectivity 
being obtained by using a reaction-rejector circuit, 
that is, a tuned circuit associated with a receiving 
system in which a negative resistance etfect is 
produced so as to lower the ettective resistance of 
that circuit, and, therefore, bring about greater 
selectivity of the whole system. Reaction-rejector 
circuits have been coupled to the ordinary receiving 
system either directly or inductively, and former 
arrangements have necessitated the use of a separate 
valve for bringing about the negative resistance 
effect. A patent, granted to Igranic Electric 
Limited and P. W. Willans, No. 258,969, gives 
details of a reaction-rejector circuit in which the 
low frequency or other amplifying valve is used for 
producing a negative resistance ettect in the rejector 
circuit. The accompanying illustration should 
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make the invention quite clear. Here the detector 
valve V, is coupled to an amplifying valve V, by 
a low frequency transformer T, the anode circuit 
of the second valve containing the usual telephones 
P. The aerial circuit comprises an ordinary aerial 
inductance coupled to a tuned circuit connected 
between the grid and filament of the first valve V}, a 
grid-leak and condenser being used for detection 
purposes. Between the grid of the second valve and 
the upper end of the secondary winding of the low 


frequency transformer T a tuned circuit L, C, is 
included. Coupled to the inductance L, is another 
inductance L, which is also in the anode circuit of 
the second valve. The two inductances are coupled 
in such a way as to bring about a regenerative effect, 
thereby materially reducing the effective resistance 
of the circuit L; C,. This circuit is then coupled 
to the aerial circuit or the input circuit of the first 
valve, where it acts as an ordinary rejector or 
absorption wave-trap, the circuit L, C, being tuned 
to the undesired signal. 


A CRYSTAL AMPLIFIER. 


(Application date, 1st September, 1925. 
No. 259,005.) 

A form of crystal amplifier.which can easily be 
added to an existing crystal set is described in the 
above British Patent by J. S. Smith and S. C. 
Pearce. The accompanying illustration shows one 
modification of the in- 
A vention. A simple 

form of crystal circuit 

is shown, consisting of 
an inductance 7 , tuned 
by a condenser C,, in 
conjunction with the 
usual aerial A and 

earth connection E. 

Another inductance 

L, comprising the 

secondary circuit, is 

coupled to the aerial 
inductance, and is 
shunted by the usual 
telephones T and de- 
tector D. The con- 
earth and the lower 


the 


between 
end of the inductance L, is broken by two con- 
densers K, between which another crystal com- 


nection 


bination M is connected. This crystal combination 


776 


EXPERIMENTAL WIRELESS & 


is energised by a battery B in series with a choke 
L and resistance R. It is stated that with suitable 
adjustment of the battery voltage, the resistance 
and contact pressure of the crystal combination 
can easily be found, when the rectified currents 
in the telephones will be considerably amplified. 


RESISTANCE AMPLIFIER. 


(Application date, 18th May, 1925. 
No. 258,315.) 


A resistance amplifier in which the coupling 
“between the anode and grids of the valves is bv 
means of resistances is claimed in the above British 
Patent by S. B. Smith. By referring to the illus- 
tration it will be seen that the anode of one valve 
is coupled to the grid of the next valve by means 
of a potentiometer, the circuit being so arranged 
that the positive potential which would be con- 
veyed to the grid from the anode of the preceding 
valve is balanced out by a negative potential de- 
rived from a bias battery. An amplifier of this 
type, of course, can be used for magnifying the 
ettect of a direct current voltage applied between 
the grid and filament of the first valve. The 


-action of the amplifier can be easily understood by 
The 


referring to the accompanving illustration. 


KI 


potentials to be amplified are applied across a 
resistance R,, constituting the input circuit of 
the first valve. The lower end of this resistance 
is taken to a tapping on the bias battery B,, so 
as to provide the grid of the first valve with a 
suitable bias voltage. A resistance R, is included 
in the anode circuit of the valve V}, the other side, 
of course, being connected to the positive terminal 
of the anode battery B,. The anode A of the first 
valve is coupled to the grid of the second valve 
V, through a resistance R,, which comprises one- 
half of a potentiometer R, R,. The ohmic value 
of these resistances is considerably greater than 
that of the anode resistance R,. The other half 
of the potentiometer R4 is taken to the negative 
tapping on the bias battery B,, this tapping being 
so arranged that the negative potential is more 
than sutticient to neutralise the positive potential 
conveyed from the anode A to the grid, thereby 
giving the grid a suitable negative potential. 
The other valves are coupled in a similar manner. 
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If there is any tendency for the amplifier to generate 
oscillations Owing to stray capacity it may be 
stabilised by placing a condenser C, between the 
anode of the valve V, and the anode of the valve 
l'a, where the condenser acts, of course, as an 
ordinary anti-reaction capacity. 


A MAINS RECEIVER. 


(A pplication date, 29th June, 1925. 
No. 258,931.) 


Some details of a system of utilising the electric 
light mains for the supply of power to a receiver 
is described in the above British Patent bv S. 
Iredale. The accompanying illustration shows a 
modification of the circuit suitable for use with 
direct current mains. The supply mains DC are 
taken through two fuses F to a resistance R,, 
and a floating battery B, from which the filament 
supply is drawn at LT. Another resistance R, is 
connected between the supply mains, tapping 


points being provided at X Y and Z. The two 
tapping points X and Y are respectively shunted 
bv condensers C, and C,, alternative high tension 
In order 


voltages being available at M W and O. 


to prevent a short-circuit occurring through the 
earth connection a series condenser is placed in 
the earth lead to the set. Again, in order to pre- 
vent accidental shock to the wearer of the head- 
phones, the latter are connected through an ordinary 
telephone transformer to the last valve circuit. 
The value of the resistance R;, and the voltage of 
the battery B, of course, are determined by the 
particular requirement of the valve filaments. 
A similar circuit is also shown for use with A.C. 
mains, in which case rectifying valves are connected 
in the usual manner. 


CRYSTAL-VALVE CIRCUIT. 


(Application date, 25th June, 1925. 
No. 258,927.) 

A receiver embodying a crystal rectifier and a 
reaction circuit controlled by a low frequency 
amplifving valve is described by J. Sieger in the 
above British Patent. Bv referring to the accom- 
panying illustration it will be seen that the input 
circuit of the receiver comprises an inductance 


= 
/ 
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such as a frame aerial L, tuned by a variable con 
denser C,. Potentials across this tuned circuit 
are rectified by a crystal detector D from which 
they are passed on by a low frequency transformer 
T, through an inductance L, to the grid circuit of 
the valve V. The inductance L, is coupled to the 
inductance L;. The anode circuit of the valve 


contains, in addition to the usual telephones P, 
a high frequency choke L;. A reaction condenser 
C, is connected between the anode 4 and one side 
of the inductance L,. If the circuit is carefully 
followed out it will be seen that the two induc- 
tances L, and L, are connected respectively in 
the anode and grid circuits of the valve, capacity 
reaction, of course, being obtained by means of 
the variable condenser C,. An additional feature 
of the invention is the use of a resistance R, which 
is connected across the detector D with a view to 
stabilising the set. Variation in contact pressure 
of the crystal detector, either intentionally or 
through vibration, would tend to alter the resis- 
tance of the input circuit of the valve, thereby 
causing the set to burst into oscillation when a 
critical reaction setting is employed. The use of 
a resistance in this manner is stated to overcome 
this difficulty quite effectively. 


A REISZ MICROPHONE. 


(Application date, 8th February, 1926. 
No. 258,470.) 


The construction of one form of Reisz micro- 
phone is described in the above British Patent 
by E. Reisz. The novelty 
of the invention lies 
essentially in the use of 
a rubber or similar dia- 


phragm, to which are 
fixed a number of separate 
carbon granules. The 


accompanving illustration 
shows one form of the 
microphone. Here the dia- 
phragm consists of a sheet 
of rubber, which is not 
stretched, or only 
stretched to a very small 
extent, covered with a 
layer of carbon granules G. 


” 4 
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The diaphragm is prepared by coating it with rubber 
solution, and dusting over with carbon granules. 


Only sufficient solution is used to cause the granules „ 


to adhere to the diaphragm without causing them 
to adhere to themselves. Contact is made with 
the diaphragm by means of a metal ring M. Some 
larger granules B are placed between the granuled 
diaphragm and a solid carbon block C, connection 
to the microphone being made to the metal ring 
and the carbon block C. The specification states 
that the diaphragm is practically non-resonant, 
and a mathematical consideration of its time 
period is given. 


CRYSTAL-CONTROLLED RECEIVER. 
(Application date, 27th July, 1925. 
No. 258,707.) 
The Western Electric Company Limited describe 


in the above British Patent, No. 258,707, a series 
ot receiving systems utilising the piezo-electric 


efect. The accompanving illustration shows one 
form of quartz crystal-controlled receiver in which 
the first valve V, produces oscillations controlled by 
a quartz crystal Z, held between two metallic plates. 
The input comprises an aerial A, inductance L, 
and earth E, the inductance L, being coupled to a 
centre tap inductance L,. The inductance L, 
is tuned by a variable condenser C,, and is con- 
nected between the grid of the valve and one side 
of the crystal, the other side of the crystal being 
connected to the anode. The centre tap of the 
inductance L, is not taken directly to the filament 
but through a bias battery B,, which is adjusted 
in such a manner that the valve V, operates on 
the desired portion of the curve. The locally 
produced oscillations combine with the received 
oscillations in the valve V,, where they are detected, 
and passed on by a low frequency transformer T, 
having a low impedance primary winding, and a 
high impedance secondary winding, to the grid 
circuit of a valve V,. The anode circuit of the 
valve V, contains a low frequency choke Ls, 
across which the telephones P are connected 
through a condenser C,. A condenser C,, pro- 
vided with a switch S is shown connected across 
the secondary of the transformer T. The object 
of this condenser is to provide a resonant circuit 
with the secondary winding of the transformer, 
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which can thus be tuned to the mean of the low 
frequencies produced in the output circuit of the 
detector valve V,. The specification includes 
several other ‘modifications of the invention, 
where a similar type of circuit is used for super- 
heterodyne reception, and also for side band recep- 
tion, where an accurately constant frequency of 
local oscillation is, of course, an absolute necessity. 
The specification is very detailed, and should be 
carefully studied by all those who are interested 
in quartz crystal-controlled oscillators. 


IMPROVING SELECTIVITY. 


(Application date, 12th May, 1925. 
No. 256,689.) 


A method of improving the selectivity of wireless 
receiving systems is claimed in the above British 
Patent by A. G. Benstead and Rotax (Motor 
Accessories), Limited. The invention should be 
quite clear by reference to the accompanying 
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illustration. Here it will be seen that an ordinary 
aerial tuning circuit consists of an aerial L, tuned 
by a capacity C, in series with an aerial condenser 
C, forming the input circuit of a valve V. Loosely 
coupled to the inductance L, is a closed oscillatory 
circuit L, Ls. A reaction coil L in the anode 


circuit of the valve V is then coupled to the 
inductance L, instead of the normal aerial inductance 
L,. The chief feature of the invention lies in the 
fact that the intermediate oscillatory circuit L; C3 
is electrically disconnected from the remainder 
of the circuit. 
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